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STRATEGIC MINERAL SUPPLIES* 

By ADOLPH KNOPF 

STERLING PROFESSOR OP GEOLOGY, YALE UNIVERSITY 


Soon after the War Production Board 
■was set up, early in 1942, it issued a 
pamphlet called Federal Aids for War 
Mineral Production/' with the subtitle 
*^How to Get Help from the Federal 
Government for Development and In- 
creasing Output of Mineral Properties.” 
It pointed out that ores and minerals 
were urgently needed for America’s war 
effort. Ores of 25 different metals, from 
aluminum to zinc, and 23 miscellaneous 
minerals, from arsenic to zircon, were 
enumerated. In carrying out its respon- 
sibilities to obtain these required ores 
and minerals the War Production Board 
coordinated into the war mineral pro- 
gram the United States Geological Sur- 
vey, the Bureau of Mines, the Recon- 
struction Finance Corporation, and the 
Board of Economic Warfare. I propose 
to outline only the impact of the war on 
the activities of geologists, official and 
unofficial, in connection with the pro- 
curement plans for obtaining from do- 
mestic sources the necessary mineral 
supplies. 

There were four jobs that these geolo- 
gists had to do : 

The first task was to determine the 
availability of raw materials, without 
which no weapons of war can be made. 
Authoritative information on how much 
ore is available is fundamental for any 
Prom an address before the Yale Chapter of 
Sigma Xi, April 1945, 


procurement plan, as well as for any 
intelligent national mineral policy. To 
obtain this information most of the 
actual and potential producing proper- , 
ties, scattered throughout the 48 states ^ 
and Alaska, had to be inventoried by 
geologists. Their estimates of ore avail- 
able were expressed in three categories : 
(1) measured ore, which is computed 
from known dimensions and whose grade 
is known from detailed sampling; (2) 
indicated ore, which is computed partly i 
from measurements and partly from di- ; 
mensions based on geologic evidence ; and 
(3) inferred ore, estimated chiefly onj 
geologic evidence and based on few if 
any samples. Only by detailed geologic 
examination in the field can this infer- [ 
mation be got ; and at the same time the 
vital matter of the rate at which the ore' 
can be produced at given prices of the 
metal can be obtained. [ 

A second duty that geologists have| 
been performing is geologic supervision; 
at operating properties. Large corpora-! 
tions have resident geologic staffs — ^Ana-’ 
conda Copper Co. at Butte, Montana, for 
example, has a staff of 35 geologists, but 
the smaller companies cannot afford! 
them. As an unprecedented war mea-] 
sure, the U. S. Geological Survey sup4 
plied many of these mines with resident^ 
consulting geologists, either from its owii 
staff or from the universities of the 
country. These geologists were then left 
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at the mines to cope with the geologic 
problems as they arose. Their principal 
problems were to discover more ore and 
to find the missing segments of ore bodies 
that had been dislocated by faults and 
become lost, as it were. 

The third job nndertaken by geologists 
was to find more ore in the known pro- 
ducing districts. By an intensive study 
of a producing district, in which innu- 
merable openings disclose the ore bodies 
in three dimensions, the special features 
can be ascertained that determine where 
the ore is and why it is where it is. 
When these idiosyncrasies of ore occur- 
rence peculiar to the individual districts 
are grasped, they can be used as guides 
in the search for more ore. This method 
has to date been by far the most success- 
ful procedure in finding new supplies of 
ore. 

The fourth duty laid upon the geolo- 
gist is the most difficult of all ; it is the 
one generally expected of him by the lay- 
man; namely, the finding of new . dis- 
tricts. We now have a vast body of in- 
formation concerning the occurrence of 
the 92 chemical elements in the earth ^s 
crust and how they have at some places 
become concentrated into bodies of eco- 
nomic value. But it is not yet known 
why any mining district is located where 
it is. Let me illustrate. The world’s 
supplies of the chief industrial metals — 
copper, zinc, lead, tin, tungsten, and 
molybdenum — are to be regarded as 
minor by-products of mighty geologic 
processes. The sequence of events that 
leads to the forming of an ore body of 
these metals can be summarized thus: 
First there was a downwarping of the 
earth’s crust, forming a narrow trough 
hundreds of miles long — a geosyncline, 
Dana called it. It slowly deepens, and 
as it does so marine sediments accumu- 
late in it, keeping it filled up nearly to 
sea level. In the fullness of time — mean 
fullness in the geologic sense, many mil- 
lion years — ^when strata on the order of 


40,000 feet in thickness have accumu- 
lated in the geosyncline, a mountain- 
making revolution sets in. The great 
pile of strata in the geosyncline is sub- 
jected to immense lateral pressure; the 
strata are folded and the folds are 
crowded together, and a mountain range 
is born. Under the additional load thus 
put on the crust by the closely appressed 
strata, the bottom of the folded tract 
sinks deeper into the suberust. Simul- 
taneously, enormous volumes of molten 
rock-matter, hundreds or thousands of 
cubic miles in extent, rise fro.m the 
depths and invade the newly formed 
mountain range. Eventually the molten 
rock matter cools down and solidifies as 
granite. Erosion, attacking the moun- 
tain range thereaftei’, strips off the cov- 
ering rocks and eventually exposes the 
granite core. Around high points on the 
granite core there may be a clustering 
of metal-bearing veins, and when these 
are found by the prospector, a new min- 
ing district springs into existence. Tech- 
nically, we express these ideas by saying 
that ore deposits of certain kinds are 
related in time and space to the invasion 
of the earth’s crust by masses of molten 
granite. Intrusive granites are not only 
common the world over but they range 
in age from very old — 2 billion years — to 
very young. The earth has shown no 
marked decrease in its power to generate 
granite masses, nor has there been any 
enfeeblement in the ore-bringing ])owers 
of these granites; in other words, the 
largest and richest ore districts were not 
necessarily formed early in tlie history 
of our planet and smaller and poorer 
deposits formed as time went on. On the 
contrary, the world’s richest metal-pro- 
ducing district, in the sense that it con- 
tains the greatest concentration of metals 
within a small area, is Butte, Montana, 
and the ore was formed at the beginning 
of geologic modern times, some 60 million 
years ago. 

At this point we are confronted with a 
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great gap in onr knowledge. We do not 
know why certain granite intrusions 
were productive of ore deposits and why 
others were sterile. New England af- 
fords us a striking example: not once, 
but three times during its geologic his- 
tory has it been invaded by great vol- 
umes of molten granite, but all three of 
these invasions produced no ore — they 
were sterile granites. To account for the 
extraordinary difference among granites 
as ore-bearers is a major problem in theo- 
retical geology. When this problem is 
solved . by more research, a by-product 
will be a great advance in the practical 
art of ore discovery. 

The large number of metals and min- 
erals required in the war effort were 
classified in three categories: (1) stra- 
tegic minerals, which are necessary but 
cannot be produced within our own 
country no matter how great the price 
stimulation; (2) critical minerals, which 
are necessary and can be produced by 
price stimulation, and (3) essential min- 
erals, which are necessary and of which 
we have an ample supply. These distinc- 
tions are important, and as I shall at- 
tempt to show, are rooted in the funda- 
mental geology of the substances. Tin 
and nickel are strategic metals, and no 
amount of money or political pressure 
can produce them from our own terri- 
tory in more than minute amounts. 
Nickel indeed poses this unsolved prob- 
lem: Why is nine-tenths of the world's 
known supply of nickel localized at Sud- 
bury, Ontario, and most of the remainder 
in New Caledonia? Since all three 
classes of minerals were necessary to the 
war effort, these terms tended to lose 
their sharpness of definition; all war 
minerals were likely to be called strategic 
minerals. 

Owing to war demands, chiefly in air- 
plane construction and in incendiary 
bombs, magnesium developed faster than 
any other metal in history. Its produc- 
tion increased more than fiftyfold in the 


four years between 1939 and 1943. Eive 
sources of raw material were available, 
two of which are inexhaustible (true of 
few other mineral resources) . These two 
sources are sea water, which contains 
0.13 percent Mg, and dolomite, which 
contains 13 percent, or 100 times as much 
as sea water. Now, the distribution of 
dolomite throughout the United States 
has long been known to geologists, and 
when a representative of one of the Gov- 
ernment agencies visited Yale to find out 
whether we knew where there is an avail- 
able supply of dolomite 99 percent pure 
in eastern New York or Connecticut, he 
was told by a geologist attached to our 
department that such a deposit occurs at 
Wingdale, Dutchess County, New York, 
and, soon after, a magnificent magnesium 
reduction plant was built and put into 
operation. 

In response to the demands of war a 
complete inventory of the dolomite re- 
sources of the country was made, which 
necessitated accurate sampling and ton- 
nage measurements. Although dolomite 
is an abundant rock, making up forma- 
tions hundreds of square miles in extent, 
yet the number of deposits becomes sur- 
prisingly small when we demand 99 per- 
cent purity, accessibility, nearness to 
transportation, and availability of a 
large supply of electric power. 

Aluminum is highly important as a 
war metal. Our supply of aluminum ore 
(bauxite) has come mainly from Suri- 
nam in South America. Early in the 
war submarine sinkings greatly jeopard- 
ized the flow of this ore to our country ; 
in fact, according to Alan M. Bateman, 
of the Bureau of Economic Warfare, 
they actually succeeded in stopping the 
flow for a time. Our only important 
domestic source of aluminum ore of 
metallurgical grade is in Arkansas. To 
meet the war crisis production was 
stepped up in Arkansas fifteenfold : from 
400,000 tons a year to 6,000,000 tons. As 
this rate of production would have de- 
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pleted the known deposits in less than 
two years, a vigorous campaign of explo- 
ration for more ore was begun by the 
Geological Survey and of verification by 
the Bureau of Mines. That is, the geolo- 
gists predicted, on the basis of their the- 
ories of how the aluminum ore had been 
formed, where the ore lies under a cover 
60 to 100 feet thick, and the engineers, 
by putting down drill holes, proved that 
the ore is there ; this was very gratifying 
teamwork. In this way many million 
tons of ore were found. As soon as the 
danger of submarine sinkings was ended, 
foreign ore, which is of higher metal- 
lurgical grade than the Arkansas baux- 
ite, was again imported; consequently, 
our own source of fairly high grade 
aluminum ore has been saved for postwar 
use. So relatively small are our known 
domestic reserves of bauxite, however, 
that it is the part of wisdom to provide 
reserves of substitute materials. In line 
with this, Congress has forehandedly 
appropriated large sums to the Bureau 
of Mines to study the extraction of alumi- 
num from high-alumina clays and feld- 
spar rocks. Reluctantly, I leave the sub- 
ject of aluminum ore, for the principles 
of its origin are so well determined and 
the ore itself is so inconspicuous and 
downright unimpressive that future geo- 
logic exploration will probably discover 
great additions to the proved reserves of 
aluminum ore, if not in the United States 
then in the rest of the world. 

Vanadium is another important war 
metal, normally obtained from Peru. A 
remarkable discovery of vanadium ore 
in Idaho, of a kind never found before, 
was made by one of the Federal geolo- 
gists, W. W. Rubey. The geologist him- 
self modestly says it was an accident, but 
it is one of those accidents, as Pasteur 
said, that happens only to the trained 
mind. An immense tonnage of vanadium 
ore has been proved to occur in Idaho, 
The metallurgy of extracting the vana- 
dium has not yet been perfected, perhaps 


I should say fortunately, for the vana- 
dium now remains in the ground, where 
it is available for a future national emer- 
gency. However, the prevalent idea is 
that mineral deposits should not remain 
in the ground. All past history shows 
that no known mineral deposit will be 
saved as a reserve for the benefit of 
future generations if that deposit will 
yield a profit by taking it out of the 
ground. Furthermore, the engineer can 
show, by the aid of the inexorable logic 
of mathematics, that the maximum profit 
is won by extracting a mineral deposit as 
rapidly as possible, thus converting it 
into money, and this money can be put 
into the bank where it will earn interest 
in perpetuity without its owner doing 
any further work. This logic ignores 
the national welfare, but money talks, 
powerfully. 

Many other strategic and critical min- 
erals have undergone extraordinarily in- 
teresting developments during the war, 
but I shall mention only the pegmatites 
from which mica, beryl, tantalite, ai)d 
columbite can be obtained. Pegmatite is 
the name given to certain remarkable 
tabular rock masses of coarse or gigantic 
grain size occurring as dikes and veins 
around the periphery of granite masses. 
The largest known crystals ocexxr in peg- 
matites, the world’s record being a crys- 
tal of the lithium mineral spodumene 42 
feet long occurring in the Black Hills of 
South Dakota. Pegmatites are numer- 
ous (New England is full of them), but 
few of them carry anything of value. 
Furthermore, the valuable minerals are 
erratically, capriciously, and unpredicta- 
bly distributed throughout a given peg- 
matite. The result is that the mining of 
pegmatites is a headache; and mining 
corporations generally leave them alone ; 
they leave them to he worked by the little 
fellow who has invincible optimism and 
does not mind going broke. Although 
pegmatites are of great interest to geolo- 
gists and have been much studied, no 
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experienced geologist would venture, 
even under pressure, to forecast how 
much valuable mineral content any given 
pegmatite might have. But because peg- 
matites are the sole sources of vitally 
needed mineral commodities, the prob- 
lem had to be attacked. 

Mica is a top-priority mineral. Every 
spark plug, every motor and generator 
brush, and all radio condensers require 
mica, and no substitute has been found. 
Our main source is India, and for a time 
the mica was flown in by airplane. To 
stimulate domestic production, the Gov- 
ernment set up the Colonial Mica Cor- 
poration. This corporation caused a 
great expansion of mining; from less 
than 50 mines in 1942 to 789 in 1944, but 
all of these were small-scale operations 
based on pegmatites long known, mainly 
in North Carolina and New England. 
Colonial Mica, i.e., the Government, paid 
on the average $6.00 per pound of mica 
and sold it at an average of $1.60 a 
pound. That amounts to a bonus of 
$4,40 a pound. In spite of this powerful 
stimulation, scarcely any new deposits of 
exceptional grade have been found. 

Tantalum is a rare element, the de-’ 
mand for which has greatly increased 
during the war — in radio grids and for 
other purposes, the use of tantalum wire 
in surgery in sewing nerves being a re- 
inarkable development. Tantalum was 
imported mainly from Western Aus- 
tralia; now from Brazil. Columbium, 
which occurs with tantalum in the solid- 
solution series tantalite-columbite and 
was until recently regarded as a nui- 
sance, is now in demand for jet-propelled 
planes as the only metal that will stand 
the high temperatures. 

Beryllium is the last of this geochemi- 
cal group of elements I propose to men- 
tion; it is obtained from the pegmatite 
mineral beryl, which is its sole commer- 
cial source the world over. Beryllium is 
lighter than aluminum and confers re- 
markable properties when alloyed with 


copper; it is therefore a metal of great 
interest. Eecently, when I was in Wash- 
ington, I was told that at a committee 
meeting, a common event in that city, 
a naval officer was so impressed by the 
accounts of the remarkable properties of 
beryllium that he exclaimed, ^'Now we 
will have to build our destroyers with 
beryllium.’’ Alas, he had no geologic 
inhibitions ! He was unaware, like many 
others, that mineral procurement is not 
solely a matter of technology and eco- 
nomics, but is ultimately controlled by 
geologic laws. 

The Oil Situation 

The impact of the war on the oil situ- 
ation has been tremendous. The impor- 
tance of petroleum and its products in 
waging a modern war was epitomized by 
Marshal Foch : ^ Hn war a drop of gaso- 
line is worth a drop of blood.” That 
remark has always seemed to me to cut 
like a two-edged sword; while it empha- 
sizes the supreme importance of gasoline, 
it also emphasizes the infinitesimal value 
of human blood in modern warfare. At 
the end, of World War I Lord Curzon 
said, ‘‘The Allies floated to victory on a 
sea of oil.” Such was the recognized 
importance of oil in World War I. In 
World War II the gasoline needs at the 
time of writing were already 80 times 
greater than in the previous war. Every 
American soldier overseas required more 
than 50 gallons of petroleum products 
per week, and this figure takes no ac- 
count of the enormous needs of the Navy 
nor of those of our Allies. To meet these 
insatiable demands domestic production 
has been speeded up and the output 
reached a new peak in 1944 — 1,700 mil- 
lion barrels (a barrel being 42 gallons) — 
11 percent greater than that of the pre- 
ceding year. 

Besides this speeding up of the oil 
production, other things have been done. 
For example, there was the Canol Proj- 
ect which has attracted much attention. 
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Why did the Army in face of much oppo- 
sition back the project so firmly? The 
Army was evidently convinced by its 
consulting geologist that oil was there, 
and so the pipeline was constructed. At 
any rate, oil flowed at the rate of a mil- 
lion barrels a year from the field to the 
refinery at Whitehorse, Yukon Territory, 
some 600 miles distant. Despite asser- 
tions to the contrary, the oil flows even 
at the winter temperatures of 20° below 
zero P, Eeserves at Canol are conserva- 
tively estimated at 60 million barrels. 
Private interests are exploring beyond 
the limits of the pool. Much larger re- 
serves will have to be found in order to 
justify taking the oil to seaboard through 
a larger pipeline after the war. 

The enormously accelerated rate at 
which we were compelled to draw off the 
oil from its underground sources is the 
main cause of the present concern as to 
the future of our oil supplies. Our 
proved reserves of oil, 20J billion barrels, 
are the largest in the history of the indus- 
try. (By “proved reserves^' we mean 
the oil that can be estimated with some 
accuracy as the result of drilling.) In 
the case of a particular oil field its re- 
serves are regarded as proved if (1) the 
size of the field is known because suffi- 
cient bore holes have been put down to 
outline the field, (2) the thickness of the 
oil-bearing beds is known, and (3) the 
volume of the pore-space in these beds 
is known. Prom these figures we can 
compute the volume of the oil in the 
ground; but the recoverable oil, which is 
the oil that present practice can obtain 
at the earth’s surface, is only a fraction 
of the oil in the ground. It is between 
15 and 40 percent, depending, among 
other things, on the rate of recovery, 
which should not exceed a certain opti- 
mum rate. Consequently, an ‘ ‘ exhausted 
oil field” still holds about 75 percent of 
its original content of oil. Colonel Sel- 
ler’s famous remark “There’s millions in 
it” is a gross understatement: when the 


appropriate technique is devised to move 
this reluctant oil to the earth’s surface, 
there will be literally “billions of dollars 
in it.” 

The wartime rate of extracting our oil 
is too fast for efficient operation. One 
way to maintain efficient operation is to 
find more oil fields and so distribute the 
load more widely. Therefore, 24,345 
wells were completed during 1944, an 
increase over the previous year ; 5,000 of 
these were exploratory wells. Although 
1,700 million barrels of oil were taken 
out of the ground in 1944, the year ended 
with a gain of 500 million barrels of 
proved reserves. Unfortunately, most 
of this gain was the result of extensions 
of fields already found in previous years 
and therefore it cannot be considered 
wholly new discovery. On the other 
hand, the size of the newly discovered 
fields has been disappointingly small. 
The downward trend, which began in 
1937, in the rate of discovery of xxew re- 
serves causes the present discussion of 
the danger of an impending shortage ol: 
domestic oil. 

It is in the finding of oil that geology 
has achieved its most brilliant practical 
results. The birthday of the oil indus- 
try of the United States was in 1859, 
when Colonel Drake, of New Haven, 
Conn., brought in the pioneer well in 
western Pennsylvania; that well was 69i 
feet deep and yielded 25 barrels of oil 
a day. The boom was on 1 By 1861, that 
is, only two years later, geologists had 
already outlined the fundamental princi- 
ples that govern the accumulation and 
occurrence of oil in the strata. But for 
nearly 50 years these geologic principles 
were not believed by the managements 
of oil companies; in fact, they greatly 
preferred their own theories; perhaps 
understandably, since certain powerful 
geologists, such as J. P. Lesley, strongly 
opposed the acceptance of the prevailing 
geologic explanations. However, after 
the turn of the present century accep- 
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tance was rapid and practically all oil 
companies now have geologic staffs; in 
fact, oil geologists are by far the most 
numerous of the species, the American 
Association of Petroleum Geologists 
alone enrolling 4,000 of them. Kecently 
two exploratory wells, one in California 
and the other in Texas, attained depths 
exceeding 16,200 feet — considerably more 
than 3 miles! This achievement mea- 
sures not only the great technological 
advance that now makes it possible to 
bore to this extreme depth, but also the 
strong conviction necessary to plan and 
to carry out such a project; a deep well 
of this kind costs $600,000 to $800,000 or 
more, and no oil company would expend 
such sums except for powerfully logical 
or — dare I say — geological reasons. 

I have already mentioned that the 
amount of new oil discovered since 1937 
has been disappointingly small. So far 
a total of more than 3,000 oil fields have 
been found in the United States; of 
these, 100 rank as major fields. By a 
major field we mean one from which the 
total oil produced will exceed 100 mil- 
lion barrels ; and it is the great falling off 
in the number of major fields discovered 
that is causing so much concern. The 
rate of discovery has not fallen off for 
lack of exploratory drilling, for the 
amount of wildcatting, as the industry 
calls it, is as high or higher than it ever 
was. In the mining industry wildcatting 
is a term of great opprobrium, but in the 
oil industry it is one of high esteem. A 
wildcat is an exploratory hole drilled 
completely outside of known fields. 
About 75 percent of all wildcats are now 
drilled on geologic advice and the other 
25 percent are drilled for nontechnical 
reasons ; on ‘ ‘ hunches, ” ^ ‘ doodlebug ^ ' 
indications, and Tor other equally recon- 
dite reasons; 20 percent of the holes 
drilled on technical advice are successful, 
as shown by statistical evidence, whereas 
only 4 percent of those located without 
technical advice are successful. 


The problem confronting us is to find 
oil fast enough so that our reserves will 
not be required to produce beyond the 
maximum efficient rates. It must be 
pointed out that no method yet devised, 
geologic or geophysical, finds oil di- 
rectly ; what is found by the oil-hunting 
methods is a likely trap, or reservoir; 
but until the reservoir rock is actually 
perforated by the drill no one knows 
whether it contains oil. 

Additional reserves of oil within the 
United States may be sought (1) in 
regions that have not yet been thor- 
oughly examined, but of such territory 
little is left, so intensive has the search 
been; (2) in strata much deeper than 
those in which oil has already been 
found, as indicated by the steadily in- 
creasing average depth of exploratory 
holes, now between 4,000 and 5,000 feet 
deep ; and (3) below an unconformity in 
a second layer of geology, in which the 
oil occurs in an entirely different way 
from that in the overlying layer. 

In the accompanying figures such 
^Uayers of geology’^ are shown in profile. 
Figure 1 gives a cross-section through a 
region in which two such ‘‘layers of geol- 
ogy’’ are present, in each of which the 
oil occurs according to different rules. 
Manifestly, the oil in the lower layer is 
a very effectively concealed resource. 
Figure 2 shows a still more complex con- 
dition, in which there are three’ super- 
posed layers of geology, each character- 
ized by its- particular mode of occurrence 
of oil ; and Figure 3, which illustrates in 
a general way the conditions in northern 
Louisiana and southern Arkansas, shows 
four superposed layers, each separated 
by an unconformity. Each unconform- 
ity, in brief, represents tilting of a series 
of strata and uplift above sea level, 
beveling by erosion, submergence of the 
beveled strata beneath the sea, and the 
deposition of a new series of strata on the 
surface worn across the older strata. 

Other valuable mineral resources may 
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FIG. 1. TWO LAYBES OP GEOLOGY 

nf SOTTTHEASTERIT KANSAS AND NOETHEASTEEN OKLAHOMA. THE TWO LAYEES ARB SEPARATED BY 
AN UNCONTOBMITY (HEAVY LINE) J THEIR OBOLOGY (PETROLEUM AND GENERAL) DIFFERS GREATLY. 


be concealed below an unconformity, as 
illustrated by the famous United Verde 
copper deposit in Arizona. From left to 
right, Figure 4 shows five stages in the 
geologic history of the deposit: (1) the 
ore body as it was shortly after it was 
formed in Precambrian time, more than 
a half billion years ago; (2) slicing of 
the ore body into two segments along a 
fault and separating them by 2,400 feet ; 
(3) erosional reduction of the area in 
which the two segments occur to a flat 
surface; (4) deposition of limestone on 
the outcrops and subsequent flooding by 
basalt lava; and (5) present condition, 
in which one segment of the ore body is 
exposed at the earth’s surface and the 
other segment, which is below the uncon- 
formity, remains concealed under ^ cover 
of limestone and basalt The exposed 
ore body, the United Verde, one of the 
largest pyritie copper deposits in the 
world, was found in the early eighties, 


but more than 30 years elapsed befox^e 
the concealed ore body, the United Verde 
Extension, was found. The finding of 
that bonanza ore body in 1914 is signifi- 
cant in another respect: it is the only 
major discovery of copper ore in the 
United States during the past 40 years. 

To return now to the matter of the 
undiscovered oil reserves. Finally, un- 
discovered oil may occur in what are 
termed stratigraphic traps, few of which, 
in the light of present scientific knowl- 
edge, can be found by rational methods. 
In fact, the greatest of all oil fields, the 
East Texas field, in which the oil is in a 
stratigraphic trap, was discoverered by 
pure wildcatting. 

In the last two decades geophysics has 
been enlisted in the search for oil. The 
seismograph, the gravity meter, the mag- 
netometer, and the galvanometer are the 
chief instruments used. Geophysical 
methods are a form of geologic explora- 



Courtesy of A. J. hevorsen 

PIG. 2. THREE LAYEES OF GEOLOGY 

Itr NOBTH-tJBNTEAL TEXAS. THE MODE OP OCOUEEENCE OP PETEOLBUM DIPPEKS IN BACH LATEB. 
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tion. All of the geophysical prospecting 
methods suffer from the disadvantage 
that they measure only differences in 
physical properties and do not reveal 
directly the presence or precise nature 
of the deposit under consideration.” If 
no geologic information is available in 
regard to an area that is being pros- 
pected by geophysical methods, the geo- 


minishing returns has already begun to 
operate. It is therefore the conviction 
of leading petroleum geologists that 
what is urgently needed in order to find 
the undiscovered oil is more geology, 
^‘but on a much higher scientific level 
than heretofore.” In short, not only the 
easily found oil fields have been dis- 
covered, but also many that required 



lU KOETHEEN LOUISIANA AND SOUTHEEN AEKANSAS. IN THE DIAGEAM THE LAYERS HAVE BEEN 
SEPARATED ALONG THE UNCONFORMITIES FOE THE SAKE OF CLARITY. IN THIS SEQUENCE OF 
LAYERS, AS IN THOSE SHOWN IN FIGURES 1 AND 2 , THE UPPER LAYERS DO NOT SUGGEST THE 
NATURE OF THOSE BELOW THEM AND EACH LAYER MUST THEREFORE BE PROSPECTED DIFFERENTLY. 


physical results can be interpreted in 
several different ways, but if something 
in regard to the geology is known, the 
interpretations are thereby restricted. 
Consequently, the success of these 
methods depends on how closely geolo- 
gists and geophysicists collaborate. 

Brilliant results have been obtained by 
geophysical methods, but the law of di- 


extraordinary skill. Finding the re- 
mainder will require a greatly improved 
‘^art of discovery,” which should inevi- 
tably result as a by-product of more re- 
search. The oil companies have large 
forces of geologists and geophysicists 
engaged in searching for oil, however. 
Nevertheless these men must concentrate 
their efforts on what appears likely to 
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bring immediate results, and therefore 
their attention is focused on relatively 
small areas. Scientific advances are inci- 
dental and accidental. Because of the 
vital importance of the petroleum supply 
to the nation, the U. S: Geological Survey 
has begun a nationwide investigation of 
all the regions that are probably or possi- 
bly oil-bearing. This investigation is 
based on fundamental principles and is 
planned as a long-range campaign. 

Fundamental to such a long-range 
campaign is the making of a geologic 
atlas of the whole United States, com- 
prising more than 13,000 individual 
maps on a scale of one or two miles to 
the inch, or even larger scale for districts 
of particularly complex geology. On 
these maps will be shown all the forma- 
tions that underlie the subsoil. Such 


maps, experience has proved, are the in- 
dispensable foundation for all further 
scientific research, as well as for the 
more material purposes of finding con- 
cealed mineral resources. The best brief 
explanation why such maps are indis- 
pensable is that maps on the large scale 
of the individual units can be combined 
and recombined into successively smaller 
scale maps, and from these the observer 
can obtain, as it were, a bird^s-eye view 
of the geology of a regional unit. Broad 
relations thereby become visible, and 
penetrating deductions become possible. 

So far only 15 percent of the area of 
the United States has been geologically 
mapped on an adequate scale. That 
leaves 85 percent yet to be surveyed : we 
can therefore say that our main work is 
still ahead of us. 




JOHN ERICSSON 


By OWEN JOHNSON 


How estimate the age of a man? By 
the years to his death? Or by the way 
those years have been lived? When we 
cease to produce we begin to die. By 50 
the great majority of men are not so 
much living as gradually dying — ^pleas- 
antly, quite unconsciously — ^but ^still 
dying. I know a few who have been 
plodding the outward trail from a much 
earlier period. True, some tragic figures 
at 30 (and how many will come out of 
this war?) have lived through a dozen 
lifetimes. Michael Angelo, Leonardo da 
Vinci, Darwin — such men, by their driv- 
ing power of creation, double or triple 
their generous span of life. 

To say that John Ericsson lived 86 
years would be an understatement. By 
his complete concentration on his work 
he crowded into his long life the efforts 
of three or four average workers. He 
died in full possession of his faculties. 
For the last 40 years he had worked 14 
hours a day every day of the year, com- 
pletely happy, completely absorbed. He 
may well be said to have lived out two 
centuries. 

He lived his life as though it were a 
race against time, jealous of every hour 
he had to divert from his workroom. He 
had no time to spare for the adulation 
showered on him in the final triumphant 
years. No time for the distinguished 
visitors who begged in vain for an inter- 
view with the inventor of the epoch; 
making Monitor and the revolutionary 
screw propeller. No time even for his 
wife, his friend and admirer to the end, 
who gave up the unequal struggle and 
returned to her native England. 

‘^She was jealous of a machine,’’ he 
said laconically. Even to his few inti- 
mate friends he grudged a quarter of an 
hour’s interview. 

‘^Your time is up,” he was wont to 
say. ‘‘Now you must go.” 


His drafting room was his castle, from 
which his vision soared outward across 
the great uncharted future of science. 
So little had been done — so much lay 
ahead and so little time! If he could 
have 50 years more, 20 — 101 Even 
when he needed a short nap he refused 
to leave his monastic cell, stretching out 
on his drafting board with a book for 
his pillow. In all his years in New York 
he never saw Central Park and only once 
set foot on Brooklyn Bridge, and that by 
a trick of a friend. Once Delameter, his 
closest associate, fearful for his health, 
tried to inveigle him into a trip to 
Niagara Falls. 

“What’s wrong with them?” he asked, 
not without a certain grim humor. No 
other reason could justify the loss of a 
working day. 

He died a figure of world dimensions. 
The country of his adoption paid him 
the signal honor of conveying his body 
with full military honors to the country 
of his birth, which for a generation had 
clamored for his return as a national 
hero. 

Everything about Ericsson’s life had 
a touch of the dramatic, even to the 
month of his birth: July 1803. For in 
that same month Robert Fulton was con- 
ducting his first experiments with his 
paddle-wheel steamer on the Seine, little 
dreaming that a genius was born who 
would nullify all that he was creating. 

It was a dramatic century which had 
just begun, the era of accelerating speed 
of which the end is not yet in sight. The 
speed of locomotion had been static since 
the dawn of civilization. The world was 
still jogging along on land at a pace of 
six miles an hour. On sea the winds and 
their caprices still ruled, as they had 
since the days of the Greeks and the 
Phoenicians. Galileo had cut the dis- 
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tances to the stars but the great oceans 
still held their barriers agamst the races 
of men. When Ericsson died in 1889 
the conquest of terrestrial space was in 
full sway, largely due to his contribu- 
tion of the reTolutionary motive force of 
the screw propeller. Today this one 
physical achievement has wrought social 
and political evolutions which have de-' 
termined the whole future course of 
civilization. 

Never once through 40 years of per- 
sisting adversity was Ericsson s confi- 
dence in himself shaken. No failure, no 
ingratitude of nations, no ridicule from 
his own profession was able for a moment 
to sway him from the destinies he knew 
were in him. And the key to his char- 
acter is in the drama of his boyhood. 

He was blessed with three gifts : pov- 
erty, the greatest spur of all; isolation 
from the conforming influence of the 
crowd, and the imperative necessity of 
securing his own education. His parents 
were of good average stock living a 
pinched existence. He was born at 
Filipstad in the Viking land of the 
northern mines of Sweden, within six 
degrees of the Arctic Circle. These were 
primitive surroundings, where men 
looked inward for their strength and re- 
liance, and where in the deep silences of 
long nights to dream was instinctive. ^ 
Where other children played with 
toys, he was fascinated by machines. 
When he was only seven he haunted the 
drafting room of the great Gotha Canal 
where his father was a foreman. There 
was no money to supply him with proper 
instruments for mechanical drawing, so 
he constructed them himself. He made 
a compass out of pine twigs and inserted 
needles; a drawing pen from tweezers 
sharpened to a point, controlling the 
thickness of the line by a thread which 
could be slipped up and down. To color 
his drawings he mixed his own pigmente. 
He made two small brushes from hairs 
discreetly plucked from his mother’s 
sable coat. With these tools the child 


sat long hours at his drawing board, 
drawing to scale. At the age of nine he 
was ready for the first great adventure. 

He determined to construct a model of 
a sawmiU. He had never seen one. All 
he had to guide him were descriptions 
supplied by his father. Nevertheless the 
young engineer drew his plans and made 
his precise calculations. He had only a 
gimlet, a jacknife, and a file. It was not 
a boyhood toy he evolved but a complete 
working model. The wooden frame was 
constructed to a calculated scale. For a 
saw, he took a watch spring and filed out 
the teeth. Everything was complete in 
miniature ; the bed to carry the logs, 
moved by a cord wound around a drum, 
the ratchet wheel and lever to turn the 
drum, the crankshaft, and a lever fash- 
ioned out of a broken spoon. _ When it 
was completed to the last detail he hur- 
ried to a brook to put it to the test. 
Would it work? Had he missed one 
necessary detail ? In all the after years, 
even at the height of his fame, probably 
no moment ever exceeded the thrill that 
came to the boy of nine as the wheels 
turned with the current and every detail 
functioned in perfect harmony. 

The next year, at the age of ten, he con- 
structed an even more complicated model, 
a pumping engine to draw water from a 
mine, the motive force supplied by a 
windmill. To the original model he later 
added a ball-and-socket joint to adapt it 
to the shifting of the wind. As with the 
sawmill, all the descriptions had been 
supplied him by his father. Both models 
had been so expertly planned and con- 
structed that they needed only to be re- 
produced on a larger scale to function 
practically. 

Years later, when Ericsson was asked 
for a list of his more important mechani- 
cal achievements, these boyhood models 
headed his list. He made no mistake in 
his estimation of their importance to his 
career. From these early victories, he 
acquired an unshakable faith in himself. 
A legend began to form about him. 
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Men in liigh places interested themselves 
in his future. Before he was 14 he was 
employed as a leveler in the construction 
of the Gotha Canal. Six hundred Swed- 
ish soldiers worked under the direction 
of a boy still so small that he needed a 
stool to reach the eyepiece of his leveling 
instrument. 

Meanwhile he continued his self-educa- 
tion. He never attended school or col- 
lege, but he absorbed knowledge hungrily 
from anyone who could help him. Down 
to the last detail all his inventions were 
planned and drawn out by himself. 
Without this ability as a master drafts- 
man he could never have constructed his 
first locomotive in seven weeks or accom- 
plished the amazing feat of building the 
Monitor in 100 days from the laying of 
the keel. 

During this period, always interested 
in the theories of motion, he became 
fascinated by the obliquely applied 
stroke of the bird^s wing and the propel- 
ling power that lies in the tail of the fish. 
From these observations of nature’s 
forces he evolved his conception of motive 
power applied through a screw propeller, 

A second observation affected the con- 
ception of the Monitor. He watched the 
floating rafts of logs on the lakes and 
noticed their unusual stability in storms 
which overturned or sank other boats. 
Prom this memory he evolved the low 
flat deck of the Monitor — ^which was in 
fact what it was derisively dubbed, *‘a 
cheesebox on a raft.” 

So ended a brilliant and precocious 
youth. No one who knew him had any 
doubt of the great things he would ac- 
complish. Yet for almost 30 years, de- 
spite a series of brilliant accomplish- 
ments, the full measure of success was 
denied him. 

Ericsson’s intention was to establish 
himself permanently in England; with- 
out two dramatic failures he would never 
have sought the shores of America. He 
had not succeeded in an early .attempt to 


introduce a flame machine which, though 
it had worked satisfactorily under wood 
fueling, was not adapted to the use of 
coke. His prolific imagination, however, 
was turning out four or five important 
mechanical inventions a year. When he 
was 26, after he had been in London 
three years, there occurred the first dra- 
matic test of his career. 

Three-quarters of a century after 
Watts’ experiments with steam, ,only a 
few crude locomotives had been built. 
They were used to draw heavy freight 
for short distances at no more than three 
to four miles an hour. After years of 
hesitation the Liverpool and Manchester 
Company succeeded in securing a char- 
ter to build a railroad. It immediately 
announced a prize of £500 for a loco- 
motive which must attain the speed of 
ten miles an hour, weigh no more than 
ten tons and draw twenty tons seventy 
miles. Ericsson learned of the contest 
when but seven weeks of the allotted five 
months remained. He had never built a 
locomotive, and he would not have time 
to test it. Undaunted, he began work at 
once. 

The contest took place over a two-mile 
stretch of railroad, and it was necessary 
to make twenty round trips. There were 
five entries but the contest narrowed 
down to George Stephenson’s ‘^Eoeket” 
and Ericsson ’s ‘ ' N o velty . ’ ’ Ericsson 
was supremely confident, for he had 
equipped his engine with a forced draft 
to produce high speed and had inge- 
niously suspended it on springs so that 
it held the track without the slightest 
swaying motion. 

It did develop a speed of well over 
thirty miles an hour — the fastest that 
any human being had ever moved! On 
the first day of the trial the ‘‘Novelty” 
shot by the “Rocket” like a projectile. 
For one dramatic moment the young 
engineer felt the thrill of a triumph that 
would have made him the greatest figure 
in the mechanical world. But on the 
third trip the untested boiler proved too 
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weak to contain the great power of the 
steam generated. It was a defect that 
conld have been easily remedied. 

But there was no going back on the 
decision of the judges. Stephenson and 
not Ericsson became the father of the 
modern locomotive. For his successful 
rival, Ericsson retained a high esteem. 
And philosophically he came to regard 
his own defeat as all for the best. Had 
he reached world fame at the age of 26, 
he said, he probably would have created 
nothing further. As it was, he turned 
to a new field. 

Eeicsson saw clearly the limitations of 
the paddle-wheel steamer. For naval 
combat is was obviously vulnerable. 
For commercial purposes it was cumber- 
some and limited in speed. It could 
move directly into the wind, it is true, 
but even under favorable circumstances 
it could develop a speed of only four to 
six knots. Childhood observations on the 
movement of birds and fish remained in 
his memory. Gradually he perfected the 
principle of the screw propeller. Other 
minds in Austria, France, and the 
United States had played with the same 
idea, but Ericsson was the first engineer 
with the knowledge and experience to 
bring a theory into practical realization. 
The screw propeller, as developed by 
him, revolutionized the ocean commerce 
of the world. Yet for years, even after 
the first demonstration of its efficiency, it 
was fiercely fought as both impractical 
and visionary. It is difficult today to 
realize the opposition to new ideas 
against which that generation of great 
engineers had to contend. The explana- 
tion, however, is simple. A revolu- 
tionary idea is not only a creative force, 
it is essentially a destructive one. For 
that reason every world-transforming 
invention has had to contend against 
the vested economic order — ^both capital 
and labor. 

Ericsson was now ready a second time 
to challenge the old order, and a second 


time he met with defeat. In 1837, at the 
age of 34, he was ready to demonstrate 
his screw propeller to an incredulous 
world. This time he was absolutely con- 
fident of success. He had had the time 
he needed to complete every test. To the 
last detail he had guarded against the 
possibility of failure. 

He invited the Lords of the Admiralty 
to the first public demonstration. He 
had installed below the water line in the 
stern of the Francis B. Ogden, a vessel 
of 45 feet in length, his twin screw pro- 
pellers. Already the boatmen of the 
Thames had been so mystified at the sight 
of this steamer moving swiftly and mys- 
teriously along the river that they had 
named it “The Plying Devil.’’ On the 
appointed day Ericsson repaired to 
where the Lords of the Admiralty and a 
distinguished company were waiting. 
Unfortunately they did not come with 
open minds; their verdict was already 
established. They had listened to the 
engineering corps of the nation, which 
was arrayed unanimously against this 
ridiculous invention constructed “on 
erroneous principles and full of prac- 
tical defects.” 

The Ogden effortlessly and smoothly, 
moved by the unseen propellers, towed a 
barge up the river and back without in 
the least shaking their convictions. They 
disembarked with a few perfunctory ex- 
pressions of thanks for the “interesting” 
experiment. Not one had the slightest 
suspicion that he had taken part in the 
first successful demonstration of a new 
motive principle destined to revolution- 
ize sea power and relegate to oblivion 
the ponderous side- wheel steamers they 
were so obstinately defending. And the 
reason for the rejection? It was sol- 
emly pronounced that “if the power was 
applied at the stern it would be abso- 
lutely impossible to make a vessel steer !” 
A second time Ericsson had stood on the 
brink of fame and seen it denied him. 

Ericsson now went through a period 
of such utter poverty that he was actu- 
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ally imprisoned in Fleet Street, the 
debtors’ prison. Completely discour- 
aged, he abandoned the country which 
had twice misunderstood him and sought 
his career in a land that seemed to wel- 
come new ideas. This was in 1839 and 
he was now 36. Had the result been dif- 
ferent, his luck in England better, Erics- 
son undoubtedly would have remained 
there at the top of his profession, and the 
Merrimac without opposition would have 
swept the sea and ravaged the ports of 
the North. On such obscure vicissitudes 
are the destinies of men and nations 
fashioned. 

Ericsson came to America with the 
highest hopes. Americans had recog- 
nized the value of the screw propeller. 
Americans had insisted on the oppor- 
tunities that lay before him in the New 
World. He believed that his troubles 
were now over. Unfortunately they 
were just to begin. His mind was so pro- 
lific that he was able to establish some 
financial independence by the invention 
of a steam fire engine and a hot-air or 
‘^calorie” engine. 

But in the development of the screw 
propeller for naval vessels, on which his 
heart was set, he met only with dis- 
couragement and disappointment. It 
was five years before the Naval Board 
was willing to make a test. When the 
Princeton, the first man-of-war to be 
equipped with a screw propeller, was 
finally contracted for, it was done under 
such humiliating conditions that Erics- 
son felt he had been betrayed. His con- 
tribution was minimized. Even the pay- 
ment for his services was disputed by 
the Government and was never made. 
And on a trial trip, through no fault of 
Ericsson’s, one of the Princeton^ s big 
guns exploded and killed the Secretary 
of State, the Secretary of the Navy, and 
other high ofScials gathered to witness its 
triumph. 

For almost twenty years defeat, dis- 
couragement, and adversity pursued 


him. Even the credit for his invention 
was for a long time denied him. A new 
venture into his favorite field of the hot- 
air engine ended in a fantastic disaster. 
The ship equipped with the new engine 
was struck by a tornado on its trial trip 
and sank. Pecuniary difficulties beset 
him a second time, and he lacked the 
commercial sense to capitalize on his in- 
ventions. Yielding to a momentary dis- 
couragement, he now considered aban- 
doning the struggle in America and 
returning to Europe. Fortunately for 
the North he reconsidered and remained 
to play his decisive part in the history of 
his adopted country. 

When the fateful year of 1862 arrived 
Ericsson was still struggling for recog- 
nition of his greatest achievement. He 
was beset with litigation over his claim 
to fame as the inventor of a screw pro- 
peller. Imitators abroad copied his me- 
chanical devices or openly stole them. 
The invention in which billions are in- 
vested today brought, him no change in 
fortune. A few men recognized him as 
the engineering genius of the time, but 
outside these he was still meeting hos- 
tility in his own profession, and a large 
section of the scientific world condemned 
him as a mountebank and a visionary. 

It was known that the Confederates 
were completing the construction of the 
ironclad Merrimac, and yet nothing had 
been done in the stagnant naval circles 
at Washington to meet the threat of 
destruction of the wooden ships of the 
Federal Navy. Fortunately the Moni- 
tor did not have to be created. The 
plans had been perfected for years. As 
far back as 1854, Ericsson had offered to 
Napoleon III a completed model which, 
with the exception of one unimportant 
detail, was the exact working model of 
the Monitor. In it he had perfected his 
conception of an ironclad ship where all 
vital parts would be below the water line. 
It had a flat raft-like deck with the firing 
power concentrated in a revolving tur- 
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ret, wMch would permit the guns to be 
reloaded in security instead of being ex- 
posed to enemy fire. 

Despite the shabby treatment he had 
received at the hands of the Government 
in the matter of compensation for his 
work on the Primceton, Ericsson loved 
the country of democracy. He wrote to 
Lincoln offering his services, stating 
that he sought ‘^no private advantages 
or emolument of any kind.’^ He main- 
tained this attitude to the end. 

He presented before the Naval Board 
at Washington a replica of the model 
which had been offered to Napoleon III. 
Lincoln was impressed and threw his 
weight in its favor. The opposition re- 
mained violent and unconvinced. One 
member scornfully remarked : ^^Take the 
little thing home and worship it, as it will 
not be idolatry because it is in the image 
of nothing in heaven above or on earth 
beneath or in the waters under the 
earth The contract had been actually 
rejected, when Ericsson appeared before 
the full board and made such a convinc- 
ing exposition that the decision was re- 
versed. But the Navy insisted on in- 
serting a clause guaranteeing refund to 
the Government of all money paid out 
in case the vessel proved a failure. 

The Monitor was built in 100 days 
from the laying of the keel. It was ac- 
complished despite tardy payments from 
the Government (the battle of the Moni- 
tor and the Merrimac was fought before 
the final payment was received), despite 
continuing criticism and interference of 
naval authorities. 

Ericsson, the old Viking, refused to 
give an inch. He made the drawings 
himself, answered every criticism per- 
sonally, fought off all interference and 
delivered the vessel on time. Inside the 
ship were more than forty patentable de- 
vices which he had turned out in the fuU 
flush of his genius. At the first trial a 
slight error developed in the steering ap- 
paratus. The navil authorities, alarmed, 
advised putting the ship in drydock and 


fitting a new rudder. Thereupon Erics- 
son exploded. 

'‘They would waste a month in doing 
that. Ill make it steer in three days,^’ 
He did it in less than that and the Ifm- 
tor arrived at Hampton Eoads in the 
nick of time to fulfill her rendezvous 
with destiny. 

Despite timidity in Washington, which 
insisted that the Monitor fight a defen- 
sive battle and would not permit it tO' 
pursue the wounded Merrimac; despite 
failure to use the wrought-iron shot 
which Ericsson insisted would have pene- • 
trated the armor of the enemy; despite 
the plan of battle, which was fought at a 
distance contrary to the directions of 
Ericsson, there was no question of where 
the victory lay. The first shots from the 
Monitor had in truth sunk the wooden 
navies of the world. The commander of 
the Merrimac himself testified before a 
naval court that the Monitor should have 
sunk his vessel in fifteen minutes. Later 
he added, "Ericsson is a great genius.'^ 

World recognition now came to Erics- 
son at the age of 59. Without the dra- 
matic appearance of the Monitor^ tlie 
ironclads of the Confederate navy would 
have mowed down the wooden battleships 
of the Union, devastated the, seaports, 
lifted the blockade, and quite possibly 
have secured European recognition of 
the Confederacy. And all this depended 
on the vicissitudes in the life of one man, 
on two outstanding failures, without 
which he would never have been in 
America to emerge as the instrument of 
Providence. 

The revolving turret in every battle- 
ship today is a tribute to the memory of 
Ericsson. His principle of screw pro- 
pulsion still remains as the central prin- 
ciple of motive force, not only on the sea 
but in the skies themselves. The Monitor 
wrote his name indelibly in American 
history, but the screw propeller places 
him in the ranks of the great pathfinders 
who have affected the history of civili- 
zation. 
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Shortly after 1510 Pietro Martyre 
cVAiigliiera, chaplain in the court of 
Ferdinand and Isabella, wrote the pref- 
ace to a still unfolding chronicle, relat- 
ing in impressAe Latin how the Aztecs 
played with bouncing balls made ^^froin 
the juice of a certain herb.” There are 
few products wdiose history reflects the 
recent changing facets of developing 
civilization as vividly as does that of 
the substance of those Aztec balls. Rub- 
ber is a constituent of latex, a milky 
substance formed in specialized vessels 
or cells in many dilferent plants of 
Avidely separated families. In spite of 
a good deal of research, its role in the 
growth and life of the plant which bears 
it remains a mystery. To man, uses for 
rubber are multitudinous and, in both 
peace and war, highly essential. The 
development and expansion of these uses 
mirror faithfully the effects of the indus- 
trial revolution. The Indian discover- 
ers utilized the substance in several 
ways; the conquering whites added a 
few others. Before 1600 the Spaniards 
in Mexico were dipping capes into latex 
to waterproof them. But nobody then 
really got excited about its potentialities. 
It took the age of machines and motion 
to give prominence to the stuff. 

Rubber ^s first effective press agents 
were Charles-Marie de La Condamine, 
an exploring scholar sent forth by the 
Paris Academy of Sciences to make a 
meridian measurement on the Equator 
in an attempt to settle whether the earth 
was a flattened or elongated sphere, and 
his friend, Franqois Fresneau. These 
two men furnished Europe with descrip- 
tions of the uses and preparation of 
rubber, samples of the material, and de- 


tails of the botanical characteristics of 
the trees tapped by the Indians. La 
Condcunine made important early ob- 
servations on both rubber trees and the 
cinchona tree, source of quinine. Ever 
since, the products of the two trees have 
been strangely parallel in development. 
Both came to occnpy important places 
in the list of nlan^s needs; the two in- 
dustries Avere transported to the East to 
be greatly expanded and lately con- 
quered by Jaq'ian; the Avar years have 
seen heroic attempts to re-establish both 
in the AYestern Hemisphere and rapid 
strides in the synthesis of substitute 
products. 

Rub])er’s advoidising ca,ioi)aign really 
got niuhn’ Avay al)oiit the middle of the 
111 oeteenth century. Priestl ey liad 
named the stuff' hmiia rnh'bcr in 1770 
after discovering tJiat Ids sample, actu- 
ally from India, AvonJd rub out pencil 
marks. In 1823, Charles McIntosh 
found a solvent for rubber in naphtha, 
thus making manufacturing a real pos- 
sibility. Previously only fresh latex 
could he used, and the factories had to 
be almost under the trees Avhich pro- 
duced it. Still, hoAvever, one’s boots 
and coat cracked in the winter and 
oozed and stuck in the summer. Tlien, 
in 1839, Charles Good.year mixed rubber, 
sulphur, and heat and invented the vul- 
canizing process. The cornerstone Avas 
laid. NeAV uses were developed and de- 
mands rose. More plants Avere sampled ; 
great areas Avere explored. 

Latex production is a characteristic of 
hundreds of plant species. The number 
whose latex contains rubber of accepta- 
ble quality and in significant amounts is 
much smaller. Discovery of this fact 
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soon focused the main efforts of the wild- 
rubber collecting industry on the Cen- 
tral American rubber tree, Castilla elas- 
tica, and other species of Castilla from 
Mexico to Bolivia ; the Para rubber tree, 
Hevea hrasiliensis, and other species, 
particularly H. henthamiana and H. 
giiianensis^ in the Amazon region; the 
Ceara rubber tree, Manihot glamovii, and 
species of Sapium in Brazil; Kielcxia, 
Fimtumia elastica, and various species 
of Landolphia, ClUandra, and Carpo- 
dimis in Africa; and Fims elastica in 
India, Burma, and the Malay Archi- 
pelago. The most rubber and that of 
the highest quality came from the Para 
rubber tree, and the Amazon region 
gained first place among rubber-produc- 
ing areas. In 1827 rubber was collected 
only around Para, enough to make an 
export total of 31 tons. In 1856 Brazil 
exported 2,607 tons. Credit Goodyear’s 
vulcanizing process. The increase was 
steady until 1912, when a peak Ama- 
zonian production of 45,067 tons was 
reached. The saga of exploitation of 
trees and men involved in the expansion 
is a fantastic one depicting remarkable 
strides against jungle country, great 
fortunes built in a year or two, ravaging 
tropical diseases, and decimation of 
whole populations. In wealth, glory, 
and blood it is matched only by the 
Congo rubber operations, which sup- 
ported a Belgian empire. The decreases 
in yields caused by overcutting of Hevea 
during tapping and the actual destruc- 
tion of Castilla by the felling method of 
tapping rapidly lowered the output of 
certain areas and aroused grave concern 
over future supplies of this increasingly 
important commodity. 

In an attempt to find ways of alleviat- 
ing the predicted shortage, President 
McKinley, who had been a Congressman 
from the Ohio district including Akron, 
suggested to Congress in 1899 that rub- 
ber planting be undertaken in the Philip- 
pines, Hawaii, and Puerto Pico. The 


President was giving expression to the 
oft-recurring hope that we might bring 
at least a considerable part of the Na- 
tion’s rubber supply under our own con- 
trol. Inadvertently he gave incentive 
to a great gambling game in which many 
of the bets were fraudulent and most of 
the rest were on the wrong tree. In the 
decade following delivery of the Presi- 
dent’s advice, New York scliool teachers, 
Cliicago policemen and letter carriers, 
and a host of other Americans, hopeful 
or just gullible, invested $75,000,000 in 
real or imaginary rubber plantations. 
The real ones covered large areas in 
Mexico and Central America and actu- 
ally contained more than 30,000,000 
trees, nearly all, as it turned out, the 
wrong species. Except for a few small 
plots, the plantings were Castilla, native 
to the area. As a rubber producer 
Castilla is second rate. Its rubber, as 
commonly collected and prepared, is in- 
ferior in (quality to that of IIev(ui, a, ml 
the trees can be tapped only two tliree 
times a year; thus, wlrile the yield per 
tapping is considerably above that oT 
Hevea, the annual yield per tree is but 
a pound or two as against 5 to 10 or even, 
25 pounds for selected Hevea. Never- 
theless, a highly significiant proportion 
of the world’s rubber came from Castilla 
during the early years of this century 
when the plantation rubber industry of 
the Far East was in its infancy. Some 
of these plantings still survive, and a 
few have yielded a little rubber now and 
then, but their total production has been 
inconsequential. 

Mean-while, the British had stolen the 
march. Spurred by Thomas Hancock 
and other rubber manufacturers and by 
the desirability of developing tlieir vast 
tropical holdings, there rose an intense 
interest in attempting to establish plan- 
tations of Hevea, whose high yield of 
excellent rubber was bringing wealth to 
Brazil, in tropical areas under Her 
Britannic Majesty’s flag. The prime 
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figures in bringing action in tlie liemi- 
spliere exchange were Sir Clements 
Markham, a geographer and India office 
official who had engineered the transfer 
of cinchona from Peru to India and later 
was to be rewarded with a knighthood; 
James Collins whom Markham commis- 
sioned to study the rubber situation; 
Robert Cross, one of Markham’s quinine 
explorers; Henry Wickham, an enter- 
prising Amazon planter; and Sir Joseph 
Hooker, foresighted director of Kew 
Botanical Gardens. The results of Col- 
lins’ survey of the situation, contain- 
ing pertinent observations of Richard 
Spruce, another quinine explorer en- 
gaged in botanical collecting for Kew, 
were published in 1872. The next year 
Collins bought 2,000 rubber seeds for 
$27 and shipped them to Kew. Spoilage 
of the large, oily seed was great; out of 
the lot only a dozen germinated. Half 
were kept as specimens at Kew; the rest 
were dispatched to the Royal Botanic 
Gardens in Calcutta, where despite the 
staff’s best effoi-ts they promptly died. 
In 1875 Wickham made two unsuc^cessfiil 
shipments of seed to Kew. The follow- 
ing year this practical-minded gentleman 
resorted to more extreme measures and, 
as Bekkedahl pointed out in his article 
on BraziVs Research for Increased Rub- 
ber Rroduction, which appeared in the 
September 1945 issue of The Scientific 
Monthly, succeeded. It was the season 
of the Hevea seed fall, and the liner 
Amazonas of the newly inaugurated 
Liverpool -Amazon service lay in the 
upper river without a return cargo. 
That was too good an opi^ortunity to 
pass up, and Wickham cliartered the 
boat and set off up the Tapajos to col- 
lect all the seed he could. Thoroughly 
familiar by now with the perishable na- 
ture of the seed, he treated them with 
tender care, finally packing them in 
openwork baskets between layers of dried 
banana leaves. The baskets were car- 
ried in canoes to the Amazonas waiting at 


the junction of the Tapaj(3s and the 
Amazon. Once on board Wickham be- 
gan to wnrry about the possibility of 
delays in obtaining port clearance at 
Para. Brazil’s neighbors had been 
greatly incensed at the cinchona snatch, 
and Brazilian officialdom was reputedly 
much concerned over the attempts to 
repeat the deal with Hevea, its near- 
monopoly crop. Though Brazil Ixad no 
law prohibiting the export of seed, Wick- 
ham supposed that he might encounter 
delay with what he now knew to be a 
spoilable cargo. To circumvent the pos- 
sible difficulty lie listed his shipment not 
as Hevea seed but as delicate botanical 
specimens consigned to the Royal Bo- 
tanic Gardens. No delay was encount- 
ered, and he was off on a speedy voyage. 
At Kew the seed germinated well enough 
to give about 2,700 plants. Markham 
and Hooker decided to attempt to estab- 
lish the seedlings around Tenasserim in 
southern Burma, but economic consid- 
erations led them to change their plans 
and dispat(ih most of tliem to the Botanic 
Garden at Ceylon. Mhaiiwhile, Gross 
liad started to Brazil to (*,ollect more 
seed, which was likewise sent to Kew for 
germination. These seedlings then also 
went to the East. Out of these early 
collections of Wickham and Cross, seed- 
lings were sent to Ceylon, Java, Singa- 
pore, and Perak. Later, more seedling 
shipments and distribution of seed from 
the first importations spread trees 
through Malaya, Borneo, Burma, and 
parts of India and even the West Indies, 
The introduction was followed by three 
decades of observation and experimenta- 
tion and relatively little further plant- 
ing. During this period Ricus elasUca 
was planted instead of Hevea, and opin- 
ion still generally favored use of this 
species. However, important advances 
were made in the development of cul- 
tural practices and especially tapping 
methods. The newly developed tapping, 
based on the so-called ‘Svound response” 
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EXPEBIMENTAL TAPPING 

RUBBER-YIELDING CAPACITY OP HEVEA TREES IS 
DETERAIINED BY TEST-TAPPING YOtJNG TREES. 


of the trees, brought Hevea’s superiority 
to light. Important, too, was introduc- 
tion of the use of acetic acid in coagulat- 
ing rubber in the latex, a great advance 
over the primitive smoking method of 
the Western jungle natives. Eestricted 
pi'obing of various areas revealed many 
possessing the conditions essential for 
Hevea cultivation, deep soil, friable and 
fairly rich, and a warm climate, rather 
consistently moist with a rainfall in ex- 
cess of 70 inches a year and without 
destructive high winds. By 1900 the 
stage-set was pretty well worked out. 
The curtain rise came shortly. Brazil 
began economic maneuverings designed 
to increase output and price. By 1905 
the price hit $1.50 a pound. The British 
and Dutch responded by pouring capital, 
cautiously at first and then in wildcat 
fashion, into plantation development in 
their Eastern holdings. Thousands of 
failing coffee plantations in Ceylon and 
Java were quickly converted to rubber. 
When the price should have come down 


it continued to rise, for the automobile, 
the most important factor in the whole 
rubber picture, was on its way. By 
1910 the American output of automobiles 
had reached 180,000 a year. Eubber 
production bad risen to 70,500 long tons, 
8,200 from the new plantations. Buyers 
paid an average of $2 a pound and once 
had to go to $2.88. Fortunes were mad(‘. 
More plantations were established. l:>y 
1914 plantation production exi^ceded 
wild collections, and at about the same 
time production came nearer in line with 
demand. The price began to decline. 
With falling prices the plantation sys- 
tem and its controlled, organization liad 
all the advantages when it came to cut- 
ting costs. The result was that the plan- 
tation growers captured and held the 
lion^s share of the market while BraziFs 
native rubber industry nearly vanished. 
World "War I and its aftereffects tem- 
porarily revived it, but by the ea,rly 
1930 ’s it had sunk to less than 10, 000 
tons a year, out ol: a world total of 
arouiul 1,000,000. In 1941, 1)7 pmmii 
of the production of. 1,527,820 tons (Gtuu^ 
from the Eastern plantations, while wild 
rubber from South America, Africa, and 
all other sources, imhidiug M'exico^s 
guayule, made up only about 45,000 tons. 

The plantations then totaled about 8.5 
million acres, about three-eighths of them 
in Malaya, a slightly smaller acreage in 
the Dutch Bast Indies, the remainder 
distributed in order of acreages in Cey- 
lon, French Inclo-China, Siam, Sai'awak, 
British North Borneo, India, and Burma, 
the core of the empire coveted by the 
Japanese. 

The concentration of all but a minor 
fraction of the world's supply in the Far 
East has always had serious imifiications 
for the United States, by far the rubber 
planter's best customer. Despite rapidly 
increasing demand for the product, the 
potential supply began, shortly after 
World War I, to exceed the demand. 
The economic consequences assumed 
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grave proportions. In an attempt to 
correct the situation, the British in 1922 
put into effect a restriction scheme known 
as the ^'Stevenson Plan.’’ Abandoned 
in 1928 because it did not include the 
Dutch and was not flexible enough to 
cope Avith rapid changes in a complex 
market, the plan nonetheless accom- 
plished some of its purposes. One was a 
sharp increase in the price of rubber. 
An immediate result Avas curtailment of 
expansion of uses in this country and 
the extension of the use of reclaimed 
rubber. Congress im^estigated the situa- 
tion and representations Avere made to 
the British, AAuthout avail. An unin- 
tended effect of the operation of the plan 
AAns to stimulate production in the Neth- 
erlands Indies and other non-British 
areas. EA^entually the picture of the 
restrictionless Dutch AAnxing prosperous 
by virtue of self-inflicted British control 
and several other factors led to ter- 
mination of the plan. From 1928 to 
1984 production was AAuthout regula- 
tion. During this period the depression 
sent the price into its AAnrst tumble (2.7 
cents a pound in NeAV York in 1932), 
and the British and Dutch jointly put 
into effect the International Rubber 
Regulation Agreement Avhich controlled 
export and production of rubber from 
elune 1934 until its expiration in April 
1944. This scheme was more flexible 
than its predecessor and did cover all 
the major producing areas. How much 
it hindered normal improvement of the 
industry would be hard to estimate. It 
did keep high the price which Ameri- 
can manufacturers had to pay, and it 
did restrict, through inflexibility, the 
amount of rubber Avhich the United 
States could obtain in the critical days 
of 1939 and 1940. 

The economic disadvantages to the 
American public of the tight British- 
Dutch control, as it has been exercised, 
have been great. The military loss of 
the far-away plantation areas to the 


enemy came near to being tragic. Dur- 
ing the unprecedented demand period 
of World War IL only the Ceylon and 
India plantings, comprising about one- 
twelfth of the Eastern total, remained 
as sources for the Allies. 

Catastrophe Avas averted by the tre- 
mendous development of synthetic rub- 
ber production and the tapping of eveiy 
aA^ailable source of natural rubber. At- 
tention has been redirected to the re- 
sources of the American Tropics. Large 
sums have been spent in stimulating the 
collection of AAuld rubber from tiie 
jungle trees, and Brazil’s once great 
industry has, for the moment at least, 
been to some extent revived. The re- 
vival is a Avar measure, though, and little 
more can be expected from it. After all, 
the annual output of Amazonia in its 
heyday was only about 45,000 tons, 
hardly significant any more. Far more 
important in the ultimate is an attempt 
to stimnlate rubber plantings in the 
Western Hemisphere, a Avartime measure 
Avith long ])()stwar siglits. In the earlier 
attempts to establish plantations in this 
hemisphere there were a few, in, Trinidad 
and the Britisli and Dutcli Cuianas, in 
which Ilevea Avas used extensively. .Most 
of these trees failed to groAV well or to 
yield any quantity of latex, be(*ause ol‘ 
heavy infections of South Amerh-an leaf 
blight, a disease caused by a fungus, 
DotJiidella nloi. The relative ])olitical 
instability of the governments of the 
period Avas anothei* major facdor in 
dampening interest in the dev(I()])ment of 
Hevea plantings in several of the Cen- 
tral American countries where small 
areas were more or less experimentally 
planted to the tree. 

In 1928 Henry Ford, folloAving the 
example of Harvey Firestone in attempt- 
ing to build up his own source of rubber 
in Liberia, began operations for the de- 
velopment of part of a 2,500,000-acre 
concession tip the Rio Tapaj6s in Brazil 
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EFFECT OP SOUTH AMERICAN LEAP BLIGHT ON YOUNG TREES 

Left, LEAVES OF THE RESISTANT STRAIN. Sight, LEAVES OF A HIQnLY SUSCEPT.RLE STRAIN. 


as a Hevea rubber ijlaiitation. Tlie 
early difficulties of the Ford plantations 
were described by Bekkedahl in the 
article referred to above. The worst 
was leaf blight, the inroads of which 
were terrific. Whole areas were wiped 
out. In 1935 the Ooodyear Tire & Rub- 
ber Go. started plantations in Panama 
and the next year extended them into 
Costa Rica. Goodyear had initiated a 
campaign a few years before to bring 
some rubber cultivation to the Western 
Hemisphere, establishing plantings in 



CONIDIA OP BOTHIDELLA ULEI 

SOUTH AMERICAN LE.AP BLIGHT, SPREAD MAINLY 
BY CONIDIA, IS MOST HARMFUL IN WET SEASONS. 


the Philijipiue.s as tlio first of the home- 
ward ^ steps. In Goodyear’s tro])i(ial 
American plantations, as in Ford’s, leaf 
blight was destructively rampant. Tliese 
discouraging early ventures not only 
emphasized the magnitude and severity 
of the disease problem but also juiintcHl 
a way to eirciimveutiug it by sliowiug 
up certain disease-resistant stocks a,n(l 
demonstrating that, except .for the leaf 
blight, Hevea lends itself to (‘.riltivalinu 
as well in the AVest as in tiie Mast. 

When the progress of the war in 
Europe began to highlight the distance 
between Akron and Singapore, one of 
the foci of attention landed n|)on the 
plantation possibilities of Latin America,. 
Consultations between the United States 
Departments of State and Agriculture 
and the governments of the tropical re- 
publics to the south revealed anxious 
interest on the part of many of the po- 
tential rubber-growing countries but a 
lack of technical knowledge a,s to how or 
where to begin. 

In 1940 Congress paid heed to the 
shadows of the rapidly approacliing 
crisis and the interest of our tropimil 
neighbors by appropriating funds for a 
cooperative program directed toward 
mieouragement of a rubber-producing 
industry in the American republics. 
The first step was a series of surveys of 
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the supposedly suitable areas. Explor- 
ing i)arties were constituted of tech- 
nicians from the United States Depart- 
ment of Agriculture, most of them with 
experience in the rubber areas of the 
East or on other tropical crops, and 
Latin American plant and soils scientists 
familiar with local conditions. Where 
within the area could plantations be de- 
veloj^ed and how far beyond the natural 
range of lievea could they be taken were 


zouia and well up into Central America. 
In the wild its effects are relatively mod- 
erate, largely because native Hevea trees 
generally occur sparsely over wide areas, 
and between them are barriers of other 
nonsusceptible species. In the much 
denser stands of plantations and nurser- 
ies, the disease defoliates trees with 
amazing swiftness and disastrous effects. 
Thanks mostly to plant pathologists of 
the United States Department of Agri- 



EESISTANT SEEDLINGS 

THESE PLANTS WERE NUESERY-GROWN FROM SEED COLLECTED IN THE ACRE TERRITORY OF BRAZIL. 


questions for the surveys to decide. Be- 
yond the fundamental necessity of soil, 
moisture, and the other qualities of en- 
vironment suited to vigorous growth of 
the plant were the two major considera- 
tions of the widespread South American 
leaf blight and the economic aspect in- 
volving, ill turn, the prospects of a 
market at an adequate price, availability 
of labor, and a host of other factors. 

The limiting disease, South American 
leaf blight, is spread throughout Ama- 


culture and the vitally interested Good- 
year Rubber Plantations Co., new spray- 
ing methods and adaptations of older 
standard methods now make it possible 
to control the disease adequately in nur- 
series, mostly by the use of copper com- 
pounds. In plantations of mature trees 
effective spraying would be mechanically 
difficult and prohibitive in cost. As 
with most diseases the greatest hope is 
immunity or relatively high resistance 
to infection. Freedom of certain trees 
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from infection was observed in the early 
Gniaiia plantations. The Ford and 
Goodyear experiments have segregated 
several highly resistant strains. Most 
of those tested, however, are low yield- 
ing, and it is a basic premise that if new 
plantings of rubber are to succeed they 
must at least equal in yield the best East- 
ern ones. Superior trees are being pro- 
duced by crossing Eastern strains, care- 
fully selected over a period of many 
years for high yield, with disease-re- 
sistant Amazon strains. Outstanding 
jungle trees in Brazil, Peru, and Co- 
lombia are being studied further as pos- 
sible commercial material. Planting 
material from sucli selection and breed- 
ing is amassed slowly, and successful 
establishment of a Latin American rub- 
ber industry depends upon immediate 
commercial planting to take advantage 


of the expanded markxd. To liasien. pro- 
duction, resort is being iiad to an (ex- 
pedient used by the Ford Idaiitations, 
i.e., double budding, a ])rocedure of 
whi(di Bekkodabl lias giv(m a (l(‘tail(Hl 
description. Biibber jilauters, lik(‘. many 
other tree growers, have mad(‘ (extimsivi* 
use of bud-grafting superior strains 
onto rnn-oL'-tlio-wild rootstoc^ks. 'The 
result is a uniform stand of sujxM’ior 
trees. In 1926, a, man nanuMl (h'aimne 
in Java,, interested in tlie possihilit it^s oF 
increasing yields and (aintrolling (antain 
lo((al diseases, suggested improving upon 
nature by double budding to main' a, 
tree of tliree strains, root, trunk, and 
top, ea(di selected For superiority uudm* 
a given set of conditions. Various fai'- 
tors of compatibility, size ridatioiis, and 
developuiental pattinn are concenuHl, 
but several snecessFul coiuliinations ]ia.V(^ 



DISEASE CONTBOL IN A COSTA BIOAN HEVBA NUBSBBY 

EASTEKN-STEAIN SEEDLINGS ARE BEING PROTECTED AGAINST THE LEAP BLIGHT BY SPRAYING. 
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been made and such tliree-part trees are 
being planted in tlie disease areas. In 
practice high-yielding Eastern clones are 
budded on native seedling rootstocks 
just above the ground level. The trees 
are then protected by spraying until 
they have grown enongli to permit top 
budding at 6 to 8 feet from the ground 
with a disease-resistant strain or species. 
Use is also being made of top budding to 
speed up the breeding program, for it 
has been discovered that buds implanted 
in old trees will grow, mature, and 
flower rapidly and profusely. 

It can now be said with assurance 
that the disease to which the earlier 
tropical American Para rubber planta- 
tions succumbed is well understood and 
is readily brought under control. 

To fit the pattern of Latin American 
agriculture and take greatest advantage 
of the economic factors, emphasis is 
being placed on plantings small enough 
to be handled adequately by a single 
farmer or single family. More than half 
the Eastern rubber is supplied by such 
eaiterprises. Much plantings obviate the 
nei'cssity for large movements and or- 
ganizations of labor, and require rela- 
tively little capital. Further, they pro- 
vide urgently needed diversification, and 
most of the areas where Hevea can be 
grow]i have been cursed by all the haz- 
ards of one-crop farming, mainly too 
much coffee or bananas. 

The wartime implications of this en- 
couragement of Hevea planting in the 
West were many. It represented assur- 
ance of expanding the supply of natural 
rubber if tlic period necessary to retake 
the Eastern areas had been prolonged 
beyond the time the first plantings ma- 
ture. It has given the governments and 
peoples of tropical America a sense of 
direct participation in both the war 
effort and the basic planning for post- 
war economy, along with an apprecia- 
tion of earnest effort on our part to as- 
sist them to an active place in the world. 



HYBRIDIZATION 

BLIGITT-RESISTANT TREE BEING USED IN CROSS- 
ING TO COMBINE RESISTANCE WITH HIGH YIELD. 

The war did much to speed up indus- 
trialization of Latin America. The post- 
war years undoubtedly will see more 
highway bnilding, partly as a result of 
continued industrial and agrienltnral 
expansion in attempts to raise living 
standards and partly as a bid for Ameri- 
can tourists. The total effect of this and 
other developments 'vvill be a sharp rise 
in domestic rubber requirements which, 
in many countries, were already becom- 
ing higher before the war. .Yet any in- 
crease would take only a small propor- 
tion of the potential pi'odnciug capacity. 
In Mexico, for instance, 25,000 acres of 
selected Hevea would furnish four times 
the 1941 imports. A rubber supply 
within the borders of the smaller nations 
is insurance of obtainability of this in- 
creasingly vital material. 

For various reasons rural population 
shifts are important in the current 
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development of many of tlie tropical 
American countries. In Mexico the 
ejidal system of communal farming is 
part of an agrarian reform which is a 
pillar of the present government. In 
Q-uatemala overproduction of coffee and 
consequent decline of the market have 
stranded a large agricultural population. 
In Honduras, Nicaragua, and Costa Eica 
the inroads of the Panama and Sigatoka 
diseases have cut banana production very 
sharply and left groups of small farmers 



measured in terms of the iirgtoK^y of the 
cash requirements of the gtuwer rather 
than against national labor wage rates. 

The question of production (iosts is, of 
course, a controlling one. Experience 
to date indicates that Latin An\(M*i(*,an 
rubber produced in eitber small or large 
plantings can compete successfully in the 
market at or even (considerably bdow ibe 
prewar level of IG to 22 ('.ents a, pound. 
Any Latin American disadvajitagi^ in 
labor costs may be ((omix^nsatx'd For by 



BUDDING INSURES SUPERIOR TiiEMH 

Lefij REM0V1N(} A BUDDING-PATCH PROM STICK OF HIQH-YIELDTNG IlEVKA ]U1DW00U. 

SELECTED BUD STARTS TO GROW AFTER INSERTION. SEVERAL KINDS OF BUDDING AHE DONE, 


without a cash crop. Colombia is under- 
taking an immense colonization scheme 
ill its rich tropical northwest territory. 
Brazil moved about 26,000 rubber work- 
ers and their families into the Amazon 
A^alley to bring out wild rubber during 
the war, and several other countries have 
population problems in areas admirably 
suited to Hevea. Kubber represents one 
of the most hopeful solutions for the 
problems of these stranded populations 
and colonizing operations. Planted over 
small acreages wdth subsistence food 
crops, it will provide cash income to the 
individual farmers or government-set- 
tled colonists. Rubber produced in this 
manner is less subject to labor cost fac- 
tors, since its selling price tends to he 


increased yields and reduced shipping 
charges. Replacement of the already es- 
tablished Eastern plantings with, higher 
yielding selected clones i^s a task tliat will 
take decades to complete. As it pro- 
gresses, however, high-cost marginal pro- 
ducers will be eliminated. 

So far, synthetic rubber has not been 
produced at prices whieli would pennit 
it to compete, unaided by some subsidi- 
zation, with natural rublxu*. Thai< i.he 
almost miraculous devcdopincmt oi; the 
synthetic industry saved the war effoid 
is obvious, as is also the tmt that a large 
synthetic industry is here to stay— this 
last because in many uses syntlieticis are 
superior to natural rubber and are a 
military precaution and a safeguard 
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agaiiist unfavorable x)riee manipulations 
by the Eastern rubber interests. 

Syntlietie alone, however, is not 
enou^li. Wartime experience has indi- 
cated the manifest superiority of natural 
rubber over any of the synthetic substi- 
tutes as far as the manufacture of cer- 
tain products is concerned. Further, 
the development of natural rubbers with 
particular outstanding’ cpialities by selec- 
tion or treatment is a field which as yet 
has hardly been touched. The rubber 
market will definitely depend in the fu- 
ture upon both natural and synthetic. 
It is estimated that for some years after 
the \var consumption can absorb at least 
1,500,000 tons of rubber, natural and 
synthetic combined. No estimate can be 
made at the present of the balance -which 
wall be struck eventually between nat- 
ural and synthetic. But no one doubts 
that, regardless of what the balance is, 
large stocks of natural lubber will have 
to be available at all times. Dependable 
sup])lies of Latin American rubber have 
t-wo extremely important advantages for 
the United States. As a noncompetitive 
crop sold to us rubber will build up dol- 
lar exchange, and Latin American pur- 
chases are an important part of our 
foreign trade. Further, tropical Ameri- 
can jhantings will provide a strategically 
located and readily accessible supply 
available in an emergency without the 
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heavy cost attendant to storing a mini- 
mum supply. 

As an example of international col- 
laboration, this attempt to bring some 
of the Ilevea rubber industry home is a 
'hopeful example. Initiated by mutual 
interest and developed by the Latin 
Ameri(*an countries themselves at their 
owm expense, with scientific and techni- 
cal assistance and advice from the United 
States, toward a mutually advantageous 
goal, the program is assisting materially 
in cementing good neigliborliness and 
building toward hemispheric solidarity. 


RESEARCH ON PHENOTHIAZINE AS AN 
ANTHELMINTIC 

By PAUL D. HARWOOD 


Some insist that i^ractieal or economic 
considerations are so much smoke in the 
eyes of the scicmtist, va>st]y limiting liis 
chances of hiereasing human knowledge, 
while others claim tliat any research 
having no practical end in view is evi- 
dence of so much wasted energy. The 
history of the research on phenothiazine 
as an anthelmintic, or worm killer, is 
perhaps illustrative since our studies 
have been confined largely by an eco- 
nomic smoke-screen. I wish to call at- 
tention to some of the characteristics of 
this smoke-screen, to mention some ol; 
the problems successfully solved behind 
its somewhat restrictive protection, and 
to indicate other problems where ex- 
ploration was barred becuiuse the search 
led into the hazy obscurity of theory. 

There is little doubt that, thus far, 
dollars and cents have limited the study 
of phenothiazine as an anthelmintic. 
The estimate of the United States De- 
partment of Agriculture that the drug 
has saved annually more than ten mil- 
lion dollars in meats, hides, wool, and 
surgical catgut suggests appreciable 
progress within these limits. Piirtlier- 
more, estimates place the return to the 
sheep industry of Kentucky alone at 
three million dollars in a single year. 
These estimates, which by theii" impres- 
siveness tend to cover the gaps in onr 
knowledge, are obviously discrepant, 
since phenothiazine is useful in treating 
horses, cattle, goats, swine, and poultry, 
as well as sheep. The Department of 
Agriculture may assert privately that 
ten millions represents only one-half 
the guesstimated annual savings; the 
other half is charged to Federal caution 
against possible overenthusiasm. Per- 
haps the total savings are nearer to the 


more sumptuous figure that may h(^ im 
ferred from the Iventucky (\stimate siiu'o 
it is supported by observations maxh* on 
Kentucky farms by Prof. \l. (h Milh‘r, 
sheep specialist. Possibly (‘V(Ui ilie 
higher figure is mcMotii^ 

We ('-jiu be more ('eriaiu of the (hlkHd; 
of this authelmiiitie r(‘seai‘(*ii, on the 
cliemieal industry. PheuoihiaziiK^ was 
only a laboratory compound wlien the 
Federal zoologists started to kill worms 
witli it in 19:18. By 194:i, ihre<‘ million 
])onnds were mauufadured ami sold to 
farmers for an average pri(U' of om‘ dol- 
lar per pound. Farmers as a. group aia* 
])retty fair hnsinessmen. Tiny did not, 
spend three million dolhirs on plunu)- 
tluazim^ ami many hours adniinisieriug 
the drug to their livesioek wit-hout^ ob- 
jective evidence of dollars iTturiUMl. 
How many dollars'!? 1 ha, veu’t, Iht^ 
slightest idea. 

A (Iollars-and-(u‘nts (‘stimati', of valm'S 
may he misleading in a time of war and 
of the OPA. Just when military sur- 
geojis began sending out frantic aOS’s 
because of the impending shortages of 
surgical catgut, plienothiazine became 
available. Surgical catgut is made from 
the guts of sheep. The knotty lesions 
produced by nodular worms regularly 
made the intestines of many Ameritaiu 
sheep unsuitahle for the man\ifactnre of 
eatgut (Fig. 1). In a single s(‘ason phe- 
nothiazine conquered the nodular-worm 
disease of sheep ov(n.* wide areas. A 
money value is placed on the surghml 
sutures thus saved, but in wartime and 
in face of threatened shortage does this 
represent the true value ^ 

These practical achievements were not 
obtained without error and dispute, al- 
though they appear inevitable to one 
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lo( )k i n g backward . Tli e exp erinieiital 
therapy of yerniiiioiLS infectious demands 
considerable knowledge in chemistry, 
physics, and statistics, as well as in 
zoology and A^eterinary medicine. Fcav 
of ns possessed all the training desirable, 
and occasionally Ave Avere' impatient Avitli 
one another’s shortcomings. Therefore, 
Ave made oar share of errors; A-ve some- 
times debated trivial issues acrimoui- 
onsly; but all of ns, I think, aawc 
sometimes a little Avistful because a par- 
ticularly inviting field could not be ex- 
plored. Looking backAvard, we can be 
more tolerant and, perhaps, profit a 
little by our errors and by calling to 
mind again a few of those accessory 
problems to which little or no study has 
been given, thus far, because they were 
not immediately ])rodnetive of practical 
results. 

Pjienothiazjne Avas used first as an. 
anthelmintic in the Zoological Division 
of tlie U. S. Bureau of Animal Industry. 
Tliis Division had already accumulated 
an impressive s(‘ries of significant first 
discoveries. Here Theobald Smith dis- 
covered the import of the transmission 
ol‘ infectious diseases by arthropods, and 
here 0. W. Stiles slighted his work 
Avith. domestic animals to establish the 
])resence and character of hookworm 
disease in the United States. Here a 
young zoologist, Maurice C. Hall, started 
to evaluate all knoAvn vermicides only a 
few years after Ehrlicli discovered 
arsjdienamine. This project, which has 
been pursued continuously to the pres- 
ent time, i-esulted in the discovery of the 
hoolavorm remedies, carbon tetrachloride 
and tetraehl or ethylene, that are used in 
Imman medicine today. These discover- 
ies attracted widest interest because they 
applied either directly or indirectly to 
human welfare. Beside them may be 
placed an enormously greater number of 
investigations affecting the parasites of 
both domestic and wild animals. 



FIG. 1. FKAGMENTS OF SHEEPGIJT 

SHOWING SEVERE LESIONS CAUSED BY NODULAR 
AVORMS PICKED UP BY THE ANIAIALS ON PASTURE. 

The treatment project was deserted in 
1936 by Hall and those of his staff Avho 
Avere experienced in chemotherapeutic 
research because their achievements won 
for them greater opportunity for ser- 
vice in the National Institute of Health. 
Although relatively inexperienced, T was, 
of necessity, placed in the key position 
on the project. At first I hoped to find 
in the record of past experiments some 
guiding principles such as chemists use 
to estimate the characteristics of un- 
knoAvn compounds. Cains and Mliaskar 
(inevitably nicknamed Chaos and Mas- 
sacre), Fischel and Schlossberger, as 
Avell as the records of the Zoological Di- 
vision Avere studied without finding any 
trustworthy guide. Yet two publica- 
tions, only a month apart in time but 
half a AAmrld apart in space, were fasci- 
nating, for Hall as well as Cains and 
Mhaskar had pointed out that chloro- 
form was effective against hookworms 
but dangerously toxic. Simultaneously 
they reasoned that carbon tetrachloride 
might be more effective and less toxic be- 
cause each molecule of the latter drug 
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was saturated with chlorine. The li.y- 
pothesis seemed valid when Hall proved 
carbon tetrachloride superior to all 
known drugs for removing hookworms 
from dogs, but it was destroyed com- 
pletely when he and his colleagues made 
further studies on the halogenated 
hydrocarbons. 

Other false hypotheses which, never- 
theless, led directly to very practical 
results are recorded in the literature. 
The diamidines, which are now used 
against certain types of parasitic dis- 
eases, developed from such a false start. 
Why not, therefore, select compounds 
largely at random and test them criti- 
cally after Hall’s established method? 
It was an exciting question, for who 
could tell what common chemical might 
prove to be the solution to existing 
problems such as controlling the nodular- 
worm disease of sheep (Figs. 2, 3, 4), 
wiiich older and more experienced men 
had pronounced unsolvable? Perhaps 
the traditional attempts to associate 
chemotherapeutic activity and chemical 
structure were foredoomed to failure — 
even as the search for the philosopher’s 
stone. But as that earlier search had 
produced modern chemistry, so the con- 
fident, though false, theorizing of the 
biologists had led to valuable results. 

Bach annual report of the Chief of 


the J^urcau of Entomology and Plant; 
Quarantine exhibited in tlie lat(^ l})3()'s 
definite enthusiasm over a, new insecti- 
cide called phenothiazine. 1 did not, 
locate a supply of this new insect, ieide 
because I was Jiot familiar with th(‘ syno- 
nym, thiodiphenylamiiK', under which it 
was listed in the catalogues, Howevcnv 
ill January of P)38 E. E. Knipling’s 
manuscript descM'ibing th(^ action of 
phenothiazine against horn-ny larvan. in 
cattle feces was ref(‘rr(‘d to tlu‘ Zoologi- 
cal Division. Immediately KniplingV 
superior, Dr. E. (1. Bishopp, was asked 
for the sourc(^ of })henothiazin(\ and in 
a few days tin*. Zoological Division lav- 
ceived from him a sample of tlu^ chemi- 
cal. It was tried first against, two 
important parasites, the broad-lnuided 
tapeworm in poultry and tln^ protozoan 
of cecal coccidiosis in, (diiekeiis. In l)(,)th 
tests, phenofhiazine failed to show an.\' 
])romise of curative aetion, Eviui to<lay 
it has no provial aetion in any prot(W.()an 
or cestode infection. 

In May 1938 W(^ receivtMl a, gift, of 
some wonn-sinnted pigs. At this time 
starvation of tlu^ host, was (umsideriMl 
essential to success in, aiitludminth*. 
medication. Perversely, we gave filumo ■ 
tliiazine to one of the pigs in a, mixt;nri‘ 
of feed. Twenty-four hours la,t(‘r this 
pig, as well as another animal treatcal 



Fia. 2. EXTERNAL EFFECTS OF NODULAR-WORM DISEASE ON SHEEP 

GRADE RAM AT LEFT WAS RAISED NEARLY WORM - FREE. GRADE RAM AT RIGHT ' WAS IN- 
FECTED EXPERIMENTALLY WITH NODULAR WORMS. (PHOTO BY SARLES, U.S.D.A. TECH. BULL 87^ ) 
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FIG. 3. EFFECT OP NODULAR-WORM DISEASE ON WOOL 
Upper: prom 4 uninfected sheep. Lower: from 4 heavily infected animals, (sarles.) 


after the traditional manner, began to 
eliminate the nntoucliable nodular worms 
in large numbers. This was only the 
first tradition of anthelmintic medica- 
tion to be reversed by the' new drug. In 
September of that year we undertook the 
real problem, the application of the new 
drug to the control of the nodular worm 
of sheep. The greater part of the rou- 
tine work fell upon a veterinarian who 
was brand-new to research with worms 
and vermicides. Although lesions of 
previous infection were numerous and 
extensive, the first animal, to his pro- 
found distrust, harbored only one nodu- 
lar worm, which the drug removed. He 
was assured that the circumstance was 
ordinary, but he was not convinced. He 
feared the trivial results were due some- 
how to his failure through inexperience. 


A young animal in poor condition was 
selected next as a likely subject. The 
veterinarian was advised to wait until 
Monday before treating the animal, but 
he dosed it immediately, although it was 
late Thursday afternoon. Friday was 
uneventful, but by Saturday morning 
there were hundreds of worms to be col- 
lected, hunted out, and counted. In the 
Federal laboratories at Beltsville, Md., 
no one was expected to work outside of 
official hours. Consequently, the veter- 
inarian, who was proceeding cautiously, 
found himself locked away from his 
work just as it became interesting and 
exciting. It was a beautiful Indian sum- 
mer afternoon when he called me from 
the garden and asked for assistance in 
getting back to his work. Apparently 
almost everyone in the division was on 
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some outing. After much telephoning tiny bankrupt worms. The tediuKine ot 
we located a key and succeeded in com- Hall’s critical test which was nscd_ ui 
pleting the test. In a single dose pheno- these experiments is so deceptively sun- 
thiazine had removed 296 nodular worms pie that the novice almost always cxpet s 
and 125 hookworms from a sheep, as to accomplish too much in too short a 
well as uncounted tens of thousands of time. Hall delighted to recount his own 



BIG. 4. EFEBCT OF NODULAE-WOEM INFECTION ON MEAT PEODUOTION 

TWELPTH-KIB CHOPS FEOM 8 LAMBS — CHOPS PROM EWES AT LEFT, PROM RAMS AT RIGHT. THE 
mDIYlDTJAL LAMBS OF EACH PAIR (FROM TOP TO BOTTOM) WERE GIVEN EXPERIMENTALLY 0, 
280j 2^800^ AND 28,000 larvae of the nodular worm, RESPECTIVELY. (FROM SARLES.) 
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early experience with the test to novices 
in tlie Zoological Divison. 

closed six horses for hots at one 
time/^ he would remark, then smiling 
cryptically he would puff at his pipe. 

Invariably the novice would ask, 
^‘Was that too many!’’ 

^'Too damn many,’^ Hall swore casu- 
ally and Avithout emphasis, ‘^within two 
days I was completely hidden behind 
garbage cans of manure, and still it kept 
coming. One horse would have been 
too inany.^' 

“Warned by Halhs story, I Avas conser- 
vative when it came time to test pheno- 
thiazine in liorses. To Dr. ScliAA^artz’s 
request for an estimate of the number of 
animals needed, I replied, '^One at a 
time will be sufficient.’’ Dr. SehAvartz 
smiled tolerantly but as usual continued 
his careful planning. 

The results of our first tests Avere re- 
leased quickly in a technical journal. 
Consequently, interested investigators 
Avere able to determine in a relatively 
short time that phenothiazine, Avhich is 
valueless against certain x)arasitie Avorms, 
Avas, m^vertheless, more effective against 
a greater variety of verminous vermin 
than any other anthelmintic knoAvn 
heretofore. Its effectiveness in parasitic 
conditions of various ruminants, of 
horses, of SAvine, and of poultry AA^as 
proved in repeated tests from all parts 
of the world. Fortunately, we had access 
to De Eds’s invaluable and extensive 
studies, which were undertaken origi- 
ally at the instigation of the U. S. 
Bureau of Entomology and Plant Quar- 
antine, on the toxicity of the conq^ound 
for laboratory animals. This back- 
ground furnished justification for pro- 
ceeding to practical application with 
rather limited toxicity tests on each spe- 
cies of animal. For the most part it was 
adequate, but unfortunately a few horses 
proved extremely sensitive to the drug. 
Keeent research in California and in the 
Beltsville Kesearch Center hold promise 


of overcoming this handicap to the use 
of phenothiazine for the control of 
equine parasites. 

Although Hall’s synthesis of chem- 
istry and chemotherapy failed, he be- 
queathed his critical method of iDroAung 
A^eimiicidal materials to those Avho fol- 
lowed. In this method all Avorms re- 
moved by a treatment are collected and 
counted. The treated animal is killed 
as soon as elimination of helminths 
ceases, and any Avorms Avhich suiwWe the 
treatment are likeAvise collected and 
counted. Thus precise information is 
obtained. The phenothiazine data col- 
lected after this method in the labora- 
tories of the Zoological Dmsion, at the 
BeltSAulle Eesearch Center, Avere quickly 
corroborated at other institutions where 
other techniques were often used. Yet 
conclusions based on these experiments 
Avere severely criticized because statis- 
tical analysis cannot be applied to data 
of this type. In due time an extensive 
coordinated trial, involving the services 
of over a dozen scientists, couAunced the 
statisticians and proved by further cor- 
3‘oboration, if such were necessary, that 
conclusions based upon Hall’s critical 
method, which has been used effectively 
for three decades, are still reliable. 

Nevertheless, statistical methods have 
iuA^aded the field of anthelmintic research 
quite successfully from another direc- 
tion. Animal husbandmen do not al- 
ways appreciate the necessity of deter- 
mining precisely those helminths that 
are affected by a particular drug, nor 
are they able to estimate the value of the 
data collected by means of the critical 
test, for to most of them a species of 
worm is only an awkward name. The 
only important question, as these scien- 
tists conceive the problem, is the effect 
of treatment on .the health of the ani- 
mals, particularly on the rates of gain 
in young animals. Furthermore, some 
nutritionists felt that parasitic disease 
Avas merely an expression of maliiutri- 
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tioii, a state supposedly unknown to 
parasitologists. However, the British in- 
vestigators Stewart and Crofton, with 
the aid of Prof. K. A. Fisher, demon- 
strated that parasitism and malnutrition 
are distinct. In Great Britain many 
sheep were until rifty — the condition 
being known as pining. The cause of 
pining was variously described as para- 
sitism or as a nutritional disturbance 
due to a shortage of certain minerals in 
the diet. Stewart and Crofton divided 
a flock of sheep on a pasture where pin- 
ing was suspected into four groups: a 
control group, a gToup, receiving plieno- 
thiazine, a group receiving a drench con- 
taining several minerals that were sup- 
posedly present in insufficient amounts 
on the pasture in question, and a group 
receiving both drug and minerals. All 
sheep were weighed at intervals. The 
differences in uncorrected mean gains, 
which favored the treatments, were as 


follows : 

Phenothiazine versus controls 4.7 pouiuls 

Minerals versus controls 4.3 pounds 

Phenothiazine and minerals versus 
controls 8.9 pounds 


The raw data, therefore, suggest that 
the sheep suffered both from a mineral 
deficiency and from parasitism, but the 
range of the gains made by individual 
sheep was, as usual, much greater than 
the mean differences. Therefore, inter- 
pretation was difficult or impossible with- 
out statistical analysis, which was sup- 
plied by Prof. Fisher. After appro- 
priate analysis he was able to state, 
will be seen that there is practically an 
additive effect of phenothiazine and of 
minerals and no appreciable interaction. 
These two main effects are unquestion- 
ably significant’’ 

Heretofore parasitologists have been 
quite willing to concede that some inter- 
action occurred between malnutrition 
and parasitism to the detriment of the 
host. Now Stewart and, Crofton ’s results 
suggest that the minority, i.e., the para- 


sitologists, should talv(^ a more iiuU*- 
pendent view of their s(heu(H\ For am- 
munition with whhdi to imphaiient th(‘ir 
Avar of independence thes(‘, stoentists 
must acknowledge the uset'ulness of sta- 
tistical methods which, undoubtedly, 
have won a permanent phu^e in helmin- 
thic research, but these uadhods must 
remain secondary to the i‘a(ds-or-lii'(‘ 
pertaining to ]mrasites. 

Tlie mechanism by whi(di plumothi- 
azine destroys the ludminth remains nn- 
kiiown. In this connection, tlu^ extreme 
insolubility of the drug a1 traded at- 
tention at om^e. Hall and his colleagues 
iuul discovered that suiKudor anthelmin- 
tic effi(aiey among tlu^ halogenated hydro- 
carbons was associated with the degaa^e 
of Avater solubility laither than Avith the 
amount or type of halogen present in 
the molecule. Most other types of ver- 
micides had similar pro])erti(\s as re- 
gards water solubility. At saturation 
from 1 to 1(),()0() parts of water of room 
temperature are necessaiy to dissoha* 
1 patT of the previously known, ellaad iv(‘ 
anthelmintics. However, 800, ()()() pa ids 
of Avater are reiiuired to dissolve 1 part 
of phenothiazine. Although phenol hi- 
azine is extremely insoluble, it is knoAvn 
to form within the animal body (undain 
componncls by oxidation. 

Usually the Icuco-forms arc exci’eted 
in the urine of the dosed animals. 
Therefore, I reasoned in an early papen; 
that phenothiazine as such may not be 
the actual anthelmintic but tliat some 
more soluble compound derived from 
the drug may be the vennicidal agent. 
The investigation of the liypothesis Avas 
beyond my resources at the tim(‘, but 
competent investigators soon tried avail- 
able oxidized derivatives, including plu^- 
nothiazone and thionol, only to prove 
them worthless. Nevertheless, J. M. 
Zukel found that pheiiothiazone as well 
as phenothiazine was an active insecti- 
cide against the American cockroach. 
He reported that the lethal compound 
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i'or cockroaclies was coiijiigated leu- 
cothioiiol, wliicli was produced in tlie 
body of the insect from either phenotlii- 
azine oi\ plienotliiazone but not from 
thionol. Experimental study of this 
problem mig'ht yield interesting* data for 
the ail th elmintieist. 

Possibly most investigators have 
dreamed of leisure to learn other tech- 
niques, to apply them to new experi- 


They have promised publicly to raise 
phenothiazine medication above the 
^'merely empiricar^ and to elucidate 
the mechanism of jihenothiaziiie activity, 
although analogous mechanisms remain 
unknown for all other anthelmintics ex- 
cept the escharotic phenols. Nothing has 
come from these lofty promises. Mean- 
wMe, the Canadian H. B. Collier is 
calmly and quietly reporting his ex^ilo- 



Photo lij Bell, Ohio Agr. Sta. 
PIG. 5. LAMBS SUPPEEING PEOM WOEMS : 

THESE Sl-TEEP ACQUIRED A MIXED INFECTION ON OHIO PASTURES. LOSS FROM WORM DISEASES 
EVERY YEAR IN A SINGLE OHIO COUNTY FORMERLY WAS EQUIVALENT TO A TRAINLOAD OP LAMBS. 


mental designs, and actually to conduct 
the experiments which might explain 
tliis puzzle. Hince the practical value 
of the results remains (piestionable, most 
of us, whose livelihood depends upon the 
results of our research, have of necessity 
directed our attention tow’^ard practical 
problems which are far from completely 
explorecl. However, a few youthful in- 
vestigators, confident of their new re- 
search ability, have been scornful of 
our yielding to the dollar-pressure. 


rations which closely border and may 
some day enter this interesting field. 

To helminthologists phenothiazine has 
broken precedents and principles within 
its field as consistently as did the late 
Mr. Roosevelt within the political arena. 
Fortunately, the scientists have accepted 
the former innovations with better 
grace than some of us Republicans were 
able to accept the latter. Since its 
earliest days, the Department of Agri- 
culture had discouraged self -medication 
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of aiiinials with drnf>*s mixed with salt. 
Sulfur, tobacco, copper, and various 
mineral mixtures were not only use- 
less when given in salt, the substances 
sometimes proved decidedly toxic. On 
the other hand, livestockmen preferred 
the easy way; namely, self-medication. 
Since Knipliiig was able to poison horn- 
fly larvae in cattle manure by feeding 
to the animals very small amounts of 
phenothiazine, the possibility of con- 
trolling worms by poisoning tlie free- 
living stages which develop in the ma- 
nure was apparent to all informed 
helminthologists. We received letters 
on the problem from as far away as 
Australia, we discussed it frequently at 
Beltsville under the leadership of our 
chief, Dr. Benjamin Schwartz, and we 
worried over the possible undesirable 
eifeets, such as wool-stains, that might 
result from continuous administration. 
Obviously, the problem required cautious 
preliminary study such as it received 
from Shorb and Habermann. Once these 
investigators had determined the phe- 
nothiazine-salt eoncexitrations acceptable 
to sheep and deadly to worms, numerous 
eooperators appeared. 'Within two years 
the Department gladly reversed a time- 
honored policy and recommended self- 
medication of sheep as a means of 
pai'asite control. 

For the first time an anthelmintic has 
been used in a manner analogous to the 
use of insecticides in Anopheles control 
where the main objective is the conquest 
of human malaria. The cecal worm of 
domestic poultry carries in its egg the 
protozoan that causes blackhead disease 
in gallinaceous birds, particularly tur- 
keys. Scientists from the Washington 
State Expeximent Station demonstrated 
that phenothiazine is very effective for 
the removal of eecal worms from chick- 
ens. Overleaping the next logical step, 
namely, determining the efficacy of the 
drug against the cecal worm in turkeys, 
we applied our new knowledge directly 


to the control of blai'klKuul l)y ii*catitig 
large numbers of these birds with phe- 
nothiazine. Apparently we luive tiiereby 
discovered a means ot* controlling a seri- 
ous disease by destroying its ea,rri(*r; 
but had we chosen pheasants insteaxl oi! 
turkeyKS we might have been, disap- 
pointed, fox* limited tests ca;rried out in 
Ashland, Ohio, suggest that the drug 
■may be of relatively little value for re- 
jnoving cecal worms from pheasants. 
Usually in anthelmintic medi(oition the 
size of the dose is regulated by t.lu‘ siz(^ 
of the a^niinal, the larger animal recuhv- 
ing the bigger dose. Nevertheless, r(‘(v 
ords of several Imndred tests wl)i(di ar(‘ 
being prepared for publiimtion, suggest 
that axi effective dose for larger fowls xnay 
be less effective witJi, small fowls. Pos- 
sibly the failure of phenothiazine in 
pheasants is associated with thcs small 
size of the host, but the problem rcHpiircvs 
further study Avhich we (uuinot give to 
it in Ashland at present. 

Parasitologists have long known that 
the most sexuous losses frotu pa,rasitis:m 
frequently are unapparent, Wlum xvm- 
laria is controlled within an endemic 
area, other chronic conditions may 
greatly alleviated. Also they know that 
cattle are extensively ixdecited with 
gastrointestinal parasites, but they a:r(i 
able to prove only comparatively light 
losses in these animals. They hesitate 
to claim for these hosts the existence of! 
the unapparent but serious losses known 
to follow extensive infection with many 
types of parasites ixi other hosts. Pluv 
nothiazixie quickly j) roved valuable 
against the obvious cases of severe gastro- 
enteritis in bovines because of its spe-^ 
cifie effect on a variety of nematodes as- 
sociated with this conditimn Lately evi- 
dence of extensive, but unapparent, loss(>s 
in the cattle industry is beginning to 
aeeumiilate because of investigations of 
phexxothiazine. The Survey Committee 
of the National Veterinary Medical As- 
soeiatioxx (of Great Britain) reported in 
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February 1945: ‘SSouio veterijiaiy prae- 
titioiiers luaijitaiu that yub-climeal 
parasitism in adult eattle is widespread. 
They report a rise in the milk yield and 
a noticeable improvement in the condi- 
tion of adult animals in apparently nor- 
mal health following the administration 
of phenothia/ine. ^ ^ 

Moreover, we have recently published 
th(^ results of experiments conducted in 
Ashland County on steers that harbored 
relatively few parasites. Animals from 
a single herd were divided and x^laced on 
similar lots. A mixture of phenothi- 
azine and salt was given to one group, 
while salt alone was given to the other. 
Although, there was never any evidence 
of clinical parasitism in either group, 
the steers receiving medicated salt out- 
gained the steers on salt alone in two ex- 
periments conducted in successive years. 
The differences were statistically signifi- 
cant. Such observations suggest that 
the drug may find wide application in 
the eattle industry, but many moi’e 
studies are needed. 

There is little need to mention other 
practi(uil consequences of phenothiazine 
resear(4L The problems it has solved 
are already cut and dried, while others 
are being carved. The liighway to these 
goals has offered for exploration many 
a tempting byway, but pushed as we 
were by dollar-demands we never had a 
chance to turn aside; to study, for ex- 
ample, the method by which phenothi- 
azine kills worms. We have neglected 
fundamental problems, some have said, 
but it is impossible to define fundamental 
as it applies to science. To some ^^funda- 
mentar’ means the study of smaller and 
ever smaller particles such as molecules, 
atoms, and electrons. Yet is a proton es- 
sentially more fundamental than a living 
being? Indeed, ‘^fundamental research 
is no more susceptible to an accurate 
definition than ‘ ‘ practical research. ’ ’ 
Not many years ago, I witnessed the dis- 
comfiture of a Government bureau which 


had been charged with the duty of con- 
trolling an important insect pest of live- 
stock. Dutifully the bureau spent large 
sums annually “controlling’’ the pest. 
One year they discovered there were two 
distinct but closely related species of in- 
sects involved — -one essentially harmless, 
the other very troublesome. Unfortu- 
nately, many of the control measures 
recommended had been aimed directly at 
the relatively harmless form. A little 
preliminary work by an “impractical” 
taxonomist might have saved many mil- 
lions of dollars and much valuable re- 
search time. ' In truth, the unknown 
remains unknown both in fact and in 
significance until some bit of it is ob- 
jectively studied. Any attempt to 
classify it as practical or ideal, as funda- 
mental or superficial, as god or devil 
will prove, in specific cases, erroneous, 
for the classification of the niiknowii 
must be based largely upon reasoning 
by analogy from established premises. 

Yet we may not censure a bureau that 
has couvsistently re(inested larger ap- 
propriations for taxonomic research be- 
cause too small a portion of its funds 
were allocated by Congress to the in- 
vestigation of insect identification. Only 
the initiated can foretell with reason- 
able accuracy the points which are likely 
to yield fundamental or significant re- 
sults. Until scientists have broader con- 
trol of their projects, we may expect 
very frequent repetitions .of this em- 
barrassment. Even planning by the 
initiated can only reduce, not wholly 
obviate, such errors. Opportunity for 
several investigators to attack a problem 
independently, according to their sepa- 
rate concepts of what is fnndame.ntal, 
seems most likely to keep research close 
to the optimum of productivity. Even 
a relatively minor subject, such as phe- 
nothiazine as an anthelmintic, has re- 
quired thus far the services of more 
than a hundred scientists to reach its 
present, imperfect state of development. 
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Others Avill contribute before our knowl- 
edg'e is complete. No one man, or gTonp, 
could liave aecomplisbed all this by 
working in seclusion. Through cooper- 
ation we may hope for a practical in- 
vestment of the problems remaining in 
this field. 

Many of the practical investigators of 
])heiiothiazine were trained in such aca- 
demic x^ur Suits as systematic zoology — 
‘'butterfly chasing” it is called bj^ some 
deprecators. Therefore, some helmin- 
fliologists are not unfamiliar with ab- 
struse science. Indeed, in the Zoological 
Division, we sometimes discussed in the 
midst of blue tobacco smoke such funda- 
mental x3roblems as the role of helminths 
ill the transmission of diseases. Possibly, 


we reasoned, some human disease for 
which no clear etiology is known (for 
example, jioliomyelitis) is (oirric^l by a 
helminth. The Division was not able to 
undertake the problem be('.ause of ob- 
vious limitations of e(inipm(mt and a.u- 
thority. However, it muTr permittcMl 
its limitations to grow into fiaist rations. 
Similarly, the students of phenothiazine 
have not scorned to consider (htinn* the 
practical or the rcconditi^. Slowly, tln^y 
liope, the jnore esoterics, ratlun* than fnn- 
damen tal , c < ) n s i ( 1 er at i on s wh i (t i h a v o. 
been slighted may be filled in. For the 
liresent, however, the f)racti(^.al res(‘a,reh 
which also h^ads to worth-while results 
is the o]ily type that ean be j\istifi(^4l to 
snch em])loyers as the U. S. (k)ngi'(‘ss. 


COMMUNION AT MIDNIGHT 

The hour is late; 1 put my hooks aside. 

The empty sheet he fore me mocks the hope 
I had when I heyan. Oh hoiv ive yrope 
From clue to clue before the one is tried 
That hrmas success. I sie/h, and quit the rooni^ 
Meaniriq to leave my ivork behind, hut no . . . 
And burdened with imbidden thoughts I go, 
Read bent, and gloomy, to the outer gloom. 

The campus clock strikes with a somber tone. 

I pause, and turn, and raising up my head 
I see the darkness marked by squares of light 
Where other men still labor in the night; 
Dejection passes, and there comes instead 
The wanning thought that I am not alone. 

Clarence K. Wylie, Jr. 



EARLY MAN IN OREGON 

STRATIGRAPHIC EVIDENCE* 

By L. S. CRESSMAN 

DEPARTMENT OF ANTHROPOLOGY, UNIVERSITY OF OREGON 


When did man, that is the Paleo-Tn- 
dian, first come into Oreg*on? This, of 
('.ourse, is but oue aspect of the larg'er 
(jiiestiou: When did man enter the New 
World? Obviously his arrival in Ore- 
gon must have been somewhat subse- 
fjuent to his setting foot on the Western 
Hemisphere. His cultural remains liave 
been found in the High Plains east of 
the Rocky Mountains from Saskatchewan 
to Mexico, with, some scattered evidence 
of uncertain significance in the lower 
Yukon of Alaska. He has been reported 
from Florida, and in recent years im- 
pressive series of arclieological finds have 
been made in the Great Basin, lying be- 
tween tlie Ro(*ky and Cascade Mountains. 

^ This article and the two following ones hy 
Drs. llansen and Allison were based on ]>apers 
presented at a symposium on Early Man in 
Oregon at the annual meeting of the Oregon 
Academy of Science, Portland Ore., January 
18, 1945. They are hero published together as 
an 1 ‘xample of an effective integration of arche- 
ological, botanical, and geological knowledge in 
a, common research |)i’oblein. — Editor. 


In many' of these instances human re- 
mains have been associated with those of 
an extinct fauna characteristic of the 
Pleistocene — EqtmSy camel, Bison tayJori, 
sloth, dire wolf, mammoth, and others. 
What does this association with an ex- 
tinct fauna mean? It obvionsbv indi- 
cates that we can correlate the time of 
man’s occupation of this vast area with 
that of this Pleistocene fauna and that 
therefore we are dealing with Pleistocene 
man. Or the association may^ simply^ be 
evidence that the Pleistocene fauna actu- 
ally^ did not become extinct until Post- 
glacial times. The significance of the 
association depends upon the time of the 
extinction of Pleistocene fauna, an event 
vaiying probably both in time and space. 

Remains of Earl.v Man have been 
found, too, in situations indicating tliat 
the climatic conditions prevailing in bis 
time were different from those of the 
present. We find him associated with 
beds of old lakes, such as those in eastern 
Oregon, Lake Mohave in California, and 





others, ail oi which are now dry am 
possess only limited power to siippor 
life under primitive conditions with it 
great dependence upon the natural en 
vironment. We also find him associates 
with such geological phenomena as vol 
c'anism. This is best illustrated in Ore 
gon by sites in Summer Lake and For 
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terms for a (-ommou basis of iiiulerstand" 
iiig*. By Early Man we mean, the repre- 
sentative of Homo mpiem sometimes 
called the Paleo-rndian. He is not, as 
some have wished to think, a specimen 
sug“g*estive of the pre-.s^a^^mT'i^ type like 
Neanderthal man, but a true representa- 
tive of Homo sapiens. We shall use the 
words Pluvial and Postpluvial through- 
out this paper. Pluvial period will refer 
to the period contemporaneous with, and 
slij:>’[itly subsequent to, the last glaciation 
and (‘.haracterized by a greater precipita- 
tion and somewhat lower conditions of 
temperature thaii at present. The area 
affected by the Pluvial period extends 
from the northern Great Basin of south- 
central Oregon roughly to the Mexican 
border and trans-Pecos in Texas. This 
area was once chai'aeterized, as 0. E. 
Meinzer has shown, by a vast system of 
lakes without outlet dependent for their 
water supply primarily upon precipita- 
tion and its loss through evaporation. 
Tt is now chai*acterized for the most part 
by dry lake beds, but in some places 
th(u:*e are small bodies of water that last 
throughout the year, while in others 
there are only playas limited to a few 
weeks, more or less, at the time of the 
sx)ring runoff. By Postpluvial we refer 
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to the period following the retreat of the 
ice and the corresponding northward 
movement of the storm tracks, with re- 
duced precipitation and rising tempera- 
ture. Postpluvial corresponds in the 
main to the expression Postglacial or 
Postpleistoeene. Since this term is well 
established in the literature, and the 
chronology has been worked out in terms 
of the divisions of the Postpluvial, we 
shall use it in our discussion. 

Archeology has for its purpose the 
reconstruction of human history jDrevi- 
ous to the time of written records or the 
memory of man. Its first function is to 
orient its findings in space and time. 
The space problem is not difficult, hut 
the time problem often proves to be a 
troublesome hurdle. This time problem 
is of two kinds. There is the simple 
matter of establishing relative times for 
the specimens dug up, that is, which is 
earlier than another, and this is the 
familiar problem of stratification with 
which the geologist works. It has some 
of the same difficulties of confusion of 
beds or layers that the geologist faces. 
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The second problem is that of establish- 
ing an exact or reasonably exact chro- 
nology. This means that some reference 
point, the age of which is known, must 
be established, and the archeologist then 
may orient his finds in time Avitli refer- 
ence to this datum. 

The archeologist, in order to Avork out 
his chronological record, must combine 
his kiiOAvledge Avith that of the cooperat- 
ing geologist, paleontologist, botanist, 
climatologist, and sometimes other spe- 
cialists such as the bacteriologist and 
the pathologist. He is not always able 
to find a primary reference point in any 
one of the fields dealing Avith earth his- 
tory, and then he is forced to rely upon 
the picture proAuded by an integration 
of the results from these cooperative 
fields. Sometimes he has the good for- 


tune, as Ave have luul in Oregon, In find 
a stratified site tha,t (lan be related to 
the geologic 0 ('curren(K‘S wlii('h. depositiMl 
the sediments interrupting the course ol* 
human occupation. Then, it the date 
of this geologic occurrence (cin be fixed, 
it Avill seiwe as a refereiu'e ])oint in time 
from Avhich the archeologist ('aji woT*k. 

Oeolooio History 

The geologic history ot the (Jrea/t Basin 
has been studied fairly extimsividy sinee 
tlie early 1920’s, Avitb earlier invesiiga- 
tions generally in, tiie form of snrvevs ot 
specifie areas.* (1. Iv. Gilbert (in 1890) 
and Israel C. Eussell (in 1885-86) pro- 
vided tlie outstanding early ai^eoiints ot 
the geologic history of Lakes Lahontan 
and Bonneville. In Oregon, 0. A. War- 
ing (1908-09) and Eussell (1884) sup- 
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plied early iui'oraiatiou on the 

iiortlita'H (Jreat Ihisin. In re(aMit years, 
h]rn>st Aiitevs h<\H roriniilated a statement 
of- the Postplvivial iiivstory ot the Great 
Basin, and studies of glaciation have 
b(‘en carried out by B. E. Matthes, Eliot 
Bhu'kwelder, and others. Henry P. 
Hansen, of Oregon State Collej^e, has 
incor[)orated analyses of the pollen pro- 
files of northern Great Basin localities in 
liis extensive stiid^y of Postglacial forest 
sin*, cession in the Pacific Northwest. Vol- 
(*,a;nisni and its relation to the geological 
history of the Great Basin have been 
studied in greatest detail by Howel Wil- 
lianis. Various studies in sedimentation 
have been made by J. C. Jones, Ernst 
Antevs, and others. The most recent 
a.nd most significant study in stratifica- 
tion for the whole Postpluvial picture is 
now under way by Ira S. Allison, of 
Oregon State College. 

In Oregon there are seven basin lakes 
distributed from Klamath Lake in the 
west to the valley which held a shallow 
aimi of Nevada’s old Lake Lahontan, ex- 
tending some 15 miles north of McDer- 
mitt in southeastern Oregon. Of these, 
all are ty])ical basin lakes except Klamath 
Lake. 

The i)ost-Pleist()(*ene (Kmatie history 
is now thought of in terms of a series of 
fluctuations of precipitation and aridity. 
There are two theories nnderlying the 
studies of the chronology of the Post- 
pluvial basin lakes. The first holds that 
each, lake liad its own history and there- 
fore that a sound study could be made of 
the histoi*y of oue lake without reference 
to tliat of any other. The only exponent 
of this tlieory with, whose works I am 
familiar is tlie late J. C. Jones. Al- 
though Jones does not expressly state 
this theory, nevertheless it is implicit 
in his studies of Lake Lahontan in which 
he treats the history of that body of 
water as a phenomenon isolated from the 
general history of the Great Basin. The 
second theory, and the one to which all 



PAISLEY FIVE MILE POINT GAVE NO. 1 

STRATIORAPHIO BENCH RETAINED IN ORDER TO 
EAGILITATE STUDY OF PUMICE STRATIFICATION. 


other students of the problem adhere, is 
that the climatic changes covering long 
periods of time are cosmic in nature. 
This theory holds that the Great Basin 
represents a single province and that 
changes will be reflected throughout the 
whole province with minor fluctuations 
due to local situations affecting tempera- 
ture, winds, and otlier factors. It also 
follows that climatic conditions in a 
great area such as this are local reflec- 
tions of world-wide phenomena of cli- 
matic change. Therefore, we find Black- 
welder attempting to correlate the gla- 
ciation of the Great Basin with that of 
the northeastern part of the continent. 
Matthes not only sees the history of the 
Basin as a unit but also correlates it with 
world-wide phenomena of glaciation and 
climatic change as reflected in records 
from Europe and other parts of the 
world. Antevs accepts this cosmic rela- 
tionship of the climatic history of the 
Great Basin as the fundamental postu- 
late for study of this subject. Among 
others who contributed to the subject, 
accepting this fundamental point of 
view, are Allison, Hansen, Kirk Bryan, 
John T. Hack, and Williams. 

Antevs has formulated a Postpluvial 
climatic sequence and chronology. He 
divides the Postpluvial into the Early, 
Middle, and Late periods. The Early 
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period terminates about 7,500 yea,rs 
after a period of progTessive desieeatioii 
and rising temperature. The Middle 
Postpluvial extends from about 7,500 
years to 4,000 years ago and is marked 
by a period of greater aridity than any 
other time in the Postpluyial. During 
this period most of the lakes in the Great 
Basin dried up. By 4,000 years ago the 
Late Postpluvial begins, with an in- 
crease in precipitation and a drop in 


sometimes nderinul to as the Ijii.th^ 
Pluvial. 

Hoyt S. Gale, in his study of Owens 
Lake, estimated on tiie basis of the salin- 
ity of its water that the ])res(Mit lake 
dates from about 4,000 years ago. Wal- 
ton Van 'Winkle studied Pluvial Lake 
Chewaucan in Oi*egon, consisting of wind; 
are now Bumimu’ and Abert Lakes, and 
conehuled on. tlie basis of the salinity of 
the water that they dale from aboni, 
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mean annual temperature which resulted 
in revitalizing the lakes, but not suffi- 
ciently to cause them to reach the high 
levels of the Pluvial period. The Late 
Postpluvial continued cold and moist 
until about the beginning of the Chris- 
tian Era, when the climate became less 
moist and warmer, approximately what 
it has been since that time and what it 
is now. The more moist early half is 


4,000 years ago. Matthes in his study 
of the glaciers of the Hierras ifonnulatvil 
the thesis that most of the Pleisto<u*ne 
glaciers disappeared and then were rc;- 
formed about 4,000 years ago in the 
western monntaiji systems. This (con- 
clusion is based on the small, very fresh 
moraines a short distance beyond the 
cirques. Hansen in his study of pollen 
profiles has found corroborative evidence 
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of the type oT (^liinatie se(pienees set .fortli 
by z\iitevs iuid on the basis ol: estuuated 
]*ates of deposit of pollen-hearing sedi- 
ments grmerally aj>’rees with the elironol- 
o^y established by Antevs. Williams in 
his study of the history of (Jrater Lake 
lias found that the utilization of the 
chronology formulated by Antevs; and 
agreed to by these othet* students, pro- 
vides a satisfactory explanation for the 
time of the final incidents in the liistory 
of Mount Mazama. Probably the nmst 
important of all the studies establishing 
a (‘hronology is that by Allison previ- 
ously referred to, in which a continuous 
stratigrapliie sequence from Summer 
Lake is analyzed. We have then a gen- 
erally accepted chronology and seciueu- 
tial developments of the Postplnvial in 
the Great Basin accepted by a large 
number of distinguished experts to 
•which the archeologist can appeal for 
the necessary assistance in establishing 
a (-hronology for Early Man in Oregon 
and tlie Great Basin. 

xV.R(U rEOLOGTOAL EVIDENCE 

L(‘t ns turn now to the archeological 
sites where definite evidence occurs by 
wbi(^li tlie history of Early Man in Ore- 
gon may be fitted into tlie general pat- 
tern of Postplnvial history. The first is 
knowm as the Wikiiip Lam Site No. 1, 
located on the Leseliiites Liver about 30 
miles southwest of Bend. Here two 
knives were found well under pumice 
from the final explosions which formed 
the (Tater in which Crater Lake now lies. 
Hereafter this source of j)nmice will be 
referred to as Mount Mazama pumice. 
Under the bed of pumice was one of sand 
mixed with pebbles, many of them highly 
stained with limonite. This had all the 
appearance of being glacial ontwash. 
Under this bed was one of partly solidi- 
fied sand about 4 inches thick, suggestive 
of hardpaii in an early stage of forma- 
tion. It Avas this bed from which the 
knives came. The level character of the 
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bedding in this area is shown by the pro- 
files from test pits made by the Bureau 
of Reclamation and indicates that the 
river had been dammed and that prob- 
ably these sediments w'ere laid down in 
a shallow lake. At any rate, the knives 
were deposited well before the Mount 
Mazama pumice was laid down. Later 
another knife, in general similar to those 
just described, was found in a test pit on 
the opposite side and about three-fourths 
of a mile farther up the river. This was 
also under Mount Mazama pumice and 
was in wash material including good- 
sized rocks. Consequently, it did not 
offer the same possibilities of dating as 
the first two. 

A series of caves kno-vvn as the Paisley 
Five Mile Point Caves, named from 
the local designation of the escarpment, 
where they were found 5 miles from 
Paisley in Summer Lake Valley, has 
provided the best stratigraphic evidence 
of Early Man in Oregon with reference 
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to the geological and paleontological 
framework. Two of these caves provide 
clear-cut evidence of interruption of 
their occupation by the deposition of 
pumice from the filial Mount Mazama 
eruption. One of them, known as Five 
Mile Point Cave No. 3, contained de- 
posits to a depth of about 7 feet. In 
the bottom of this cave were the remains 
of an old beach, sand, and water-smoothed 
pebbles. Partly embedded in the sand 
and extending into the debris above we 
found the remains of a campfire, worked 
obsidian implements, bones broken for 
their marrow, and the remains of Equiis, 
camel, and several other mammals, in- 
cluding an undetermined species of 
bison. Over this bed was a series of 
deposits made up of fine dust, bat guano, 
and then coarser materials, perhaps 
weathered out of or shaken down from 
the roof and walls of the cave. On this 
in turn rested a bed of Mount Mazama 
pumice. Overlying the pumice was a 
bed spotted with evidence of occupation. 
Cave No. 1 was better for permanent 
occupation and showed continuous, al- 
though somewhat spotty, human occupa- 
tion for a long time antecedent to the 
deposition of Mount Mazama pumice. 
Overlying the pumice was a bed of human 
occupation. We thus had in these eaves 
a point of reference, namely, the eruption 
which deposited the pumice, from which 
dating could be attempted. 

In the Port Koek Valley, about a mile 
west of the remains of the volcano which 
gives its name to the valley, we excavated 
a cave in which the levels of the occupa- 
tion were separated by a bed of pumice 
ejected at the formation of the Newberry 
Crater — another point of reference. 

Lower Klamath Lake provided three 
horizons of human occupation, the earli- 
est of 'Which was associated with extinct 
fauna — Equiis^ camel, elephant, and pos- 
sibly others. The remains of these ani- 
mals, as well as the long bone projectile 
points used by the Indians, and a portion 


of a human mandible, Avcre i\\[ fossil izc'd 
and were all grouped around a rcbd ivcly 
small area in Avhat was apparently the 
last part of the lake to contain watei* be- 
fore it dried up complet(‘ly. The second 
horizon is associated with the refilling 
of the lake and is found at the south 
end at approximately 8 feet behnv the 
historic water level. This occu])ation 
was apparently terminated by the rising 
lake level. The third ocxmpation rep- 
resents the historic period of the Mbdcx* 
Indians and is found around tlie lake 
shore and on the remains of the ^Ms- 
lauds'' throughout the lake ou which tlu^ 
Indians camped and hunted waterfowl. 
The method used in establishing the 
chronological sequem^es in this area has 
been to formulate the geological history 
of the lake and relate it to tlie Postplu- 
vial history of the (Ireat Basin. In this 
work the writer had the assistainu^ of 
Antevs, W. D. Smith, and Allison. 
Hansen made an analysis of the polhm 
profile at the south end of the lak(‘ and 
at the Narrow^s, and at the sontii end the 
profile extended from well above to be- 
low the artifact horizon. As a result of 
his very careful study, we were abb^ to 
corroborate the soundness of the eaiKer 
geological and (ilimatologieal hist(n*y ol* 
the lake as we had formulated it. 

Correlating toe Data 

Paleontological evidence shows t liat 
man was in south-central Oregon living 
in eaves around the lake shores along 
with a fauna lunv extinct, (diaraet eristic 
of the Pleistocene or Karl.y Postpluvial. 
This fits into the geological and climato- 
logical picture and jirovides irrefutabh* 
evidence of human oixmpation ol this 
area either in the Pluvial or Earl.y Post- 
pluvial period. The difficulty is, as 1 
have mentioned above, in establishing 
the point of time at which this fauna 
became extinct. Extinction did not oc- 
cur uniformly in time, but some of these 
animals must have lived ou in more fav- 
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orabk^ environments long'er tluui their 
fellows in less favorable situations. Thus 
the evidenee would seem to indicate that 
this fauna became extinct in the Lower 
Klamath Lake region sometime very near 
the end of the Early Postpluvial, or 
about 7,500 years ago. 

AVilliams, in his study of the history 
of Crater Lake, fixed the time for the 
final eruption of the Mount Mazama 
pumice at a minimum of 5,000 years ago 
and a maximum of 10,000. It is not 
necessary here to go into the evidence 
he used to establish this chronology. 
However, a gap of 5,000 years in human 
history is of real importance to the arche- 
ologist, whereas it may be quite negligi- 
ble to the geologist. At any rate, the 
evidenee from the Paisley Caves and the 
Wikiup Dam Site locality shows conclu- 
sively that man was here considerably 
before the deposition of the Mount 
Mazama pumice. 

Allison, in his study of the Summer 
Lake profile, fixes the date of the deposi- 
tion of the Mount Mazama pumice at 
not less than 10,000 and perhaps as much 
as 14,000 years ago. This would there- 


fore push back the date of the occupa- 
tion of these Summer Lake caves by a 
considerable period. The pumice in the 
caves shows that it was deposited either 
directly from the air from the clouds of 
pumice thrown out at the explosion or 
else was blown in from heavy drifts at 
the mouth of the eaves in the bottom of 
the esearj)ment. If the latter were the 
case, it must have fallen on snow-covered 
ground and been blown in before it could 
have had dust oi* other debris mixed with 
it (Dr. Allison has advanced this sug- 
gestion). Hansen’s pollen profiles in 
general support the time estimates for 
the general chronological picture and 
the time of the deposition of the Mount 
Mazama pumice. If the date of the de- 
position of the Mount Mazama pumice 
is eventually fixed at 10,000 or 14,000 
years ago, then we undoubtedly have evi- 
dence of man in the northern Basin dat- 
ing from probably 15,000 years ago. 
Thus archeology in collaboration •with 
these other sciences has established an 
integrated and coherent picture of the 
Paleo-Indian in Oregon in the Early Post- 
pluvial and continuing to the present. 


L. S. CHESSMAN 
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EARLY MAN IN OREGON 

POLLEN ANALYSIS AND POSTGLACIAL CLIMATE AND 

CHRONOLOGY* 


By HENRY 

DEPARTMENT OF BOTANY, 

Scientists are coiistantl.v delving into 
the past, seeking to reconstruct the life, 
climate, and events of prehistoric time, 
seizing upon any evidence, however 
minute, to find and fit in a piece of this 
gigantic paleontologic jigsaw puzzle. 
This picture of past life, conditions, and 
events is being projected farther and 
farther into the past as more evidence 
comes to light. The farther back one 
goes, however, the more fragmentary 
becomes the record, and so the picture 
of prehistoric life must be portrayed in 
terms of millions of years. There are 
three chief problems involved. The first 
is to find the evidence or record, the 
second is to interpret the record, and the 
third is to fit the fragments into a 
systematic and logical chronology. To 
do this the ehronologist must analyze 
the record and the interpretations of 
many scientists in diverse fields. Some 
events readily fall into their chronologi- 
cal niche, while others are fitted into a 
sequence with more painstaking and 
laborious effort. The more conspicuous 
and widespread time markers provide a 
means of dividing prehistoric time into 
a series of large segments for vast re- 
gions. More obscure and local time 
markers help to fill the gaps for limited 
areas. The shorter periods of time for 
smaller areas must then be correlated 
with those from other localities, and an 
integrated timetable constructed. The 
units of this chronologic column are 
lai*gely relative, and it does not seem 
probable that absolute chronology will 
* From a paper presented at a s^aniiosium on 
Early Man in Oregon at tlie annual meeting of 
tlie Oregon Academy of Science, Portland, Ore., 
January 13, 1945. 
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ever be attained exce])t J*or loicil 
However, the more segments into 
this column can be accurately divided, 
the more nearly absolute tlu‘ ehrouology 
becomes. In the Pacific Northwest, the 
cooperative efforts of geologists, ar(die- 
ologists, and botanists have la^sidiiMl in 
at least a partial picture of life, <ilimat(‘, 
and events, and the development of a. 
tentative, relative cliiunology for post- 
glacial time. 

Pollen Analysis 

The most important sour(-e of (wi- 
deiice for iirehistorii', life is the fossil 
record. It has been said, llnili t he pah^- 
ontologist ean rec'onstruct a, prdustorii', 
monster on the basis of a. bone of its 
little toe. Wliether this be true or not, 
the paleobotauist r(H*,onstru(ds prdns- 
torie vegetation with more niimd,c (evi- 
dence than that. This do(es not mean a, 
lesser amount of evideuee, but ratlner 
that the fossils involved are miudi 
smaller. The pollen grains of ])lants 
are one of the most valuable of these 
mierofossils. One of the routine proc- 
esses in the life of a flowering plant is 
the production of almost (mnnt](^ss num- 
bers of pollen grains each yeai- from the, 
time of its maturity until it (li(^s. If tlie 
plant is an annual or biennial, it may 
produce polleu only once, wdiereas if it is 
a tree it may^ produce pollen for several 
centuries. Some of this pollen is the 
same that causes hay fever in man, and 
many persons are acquainted with pollen 
grains only through this unpleasant ex- 
perience. The pollen of some plants is 
disseminated through the air in order to 
reach its objective, the pistil of a flowan* 
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of the same species. The pollen grains 
of other plants are large and stieky, co- 
here in masses, and must be carried by 
insects if cross-pollination is essential. 
The air-borne pollen grains are well pro- 
tected by a thick outer coat and a thinner 
inner coat, so as to retain their viability 
for a long time. Pollen grains have 
been noted thousands of feet high in the 
atmosphere and hundreds of miles out 
at sea. 

The pollen grains of various groups of 
plants differ considerably in shape, size, 
and external configuration. It is pos- 
sible to separate the principal families, 
genera, and even species by their pollen 
grains. After some study one can 
distinguish pine from fir, spruce from 
hemlock, oak from alder, etc. In the Pa- 
cific Northwest it is possible to distin- 
guish to a reasonable degree of accuracy 
the pollen of some species of pine and 
fir, while it is a simple matter to dif- 
ferentiate between pollen of western and 
mountain- hemlock, Sitka and Engelmann 
spruce, Douglas fir and larch, and many 
others. Certain groups like the grasses 
are almost impossible to separate speci- 
fically, and so one must be content to 
interpret the record of fossil grass pollen 
on the basis of a group. 

Down through the ages plants have 
shed their pollen annually, and in cer- 
tain favorable sites much of this pollen 
has been preserved in the accumulating 
sediments. Analysis of these sediments 
for their fossil pollen record provides 
the paleobotanist with a basis for re- 
constructing the past vegetation. It not 
only furnishes qualitative evidence but 
also a quantitative record, something 
that most fossil records do not. Their 
preservation in postglacial organic sedi- 
ments provides, perhaps, a more in- 
tensive, detailed, short-period record of 
the changes and adjustments in pre- 
historic vegetation than any other type 
of fossil. 

Pleistocene glaciation has been most 


important in furnishing sites for the 
preservation of the pollen record. Not 
only has this well-defined geologic event 
been instrumental in making possible 
the preservation of the fossil evidence, 
but it also provides a significant time 
marker for the beginning of the rec- 
ord. As the last glaciers retreated from 
the United States, many lakes and ponds 
were left in their wake. In fact, most 
of our lakes owe their origin directly 
or indirectly to glaciation, whether they 
lie within or beyond the boundaries of 
glaciation. The inevitable fate of any 
lake, large or small, is to become filled 
with either organic or inorganic ma- 
terial, or both. In the North Temperate 
Zone, the smaller lakes have become en- 
tirely filled with peat, and in many eases 
their sites are forested so as to obliterate 
any surface evidence of their former 
existence. Others are in various stages 
of swamp or bog formation or other proc- 
esses of filling. Peat consists of un- 
decayed vegetable matter, composed 
largely of plants and other organisms 
that lived first in the open lake and then 
in the bog that followed. Various 
groups of plants encroach upon a lake 
in definite order. First invaders are 
the submerged species, which are fol- 
lowed by floating species. As the plants 
die their remains are contributed to the 
accumulating bottom sediments which 
are also being added to by incoming in- 
organic materials. As the water is 
shoaled by these sediments, rooted aquat- 
ics replace them, and this marks the be- 
ginning of the end of the lake. An 
immature bog may have open water in 
the center, surrounded by concentric 
zones of vegetation. "When the center 
of the lake is reached by these encroach- 
ing plants, there is no place to migrate 
and they are gradually eliminated by the 
succeeding zone, and so on. Eventu- 
ally the lake is covered, and bog or 
swamp vegetation consisting of sphag- 
num moss, heaths, reeds, rushes, and 
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sedges covers the entire site. In the 
meantime, perhaps many feet of peat 
have been built up. The coldness and 
acidity of the water and substratum pro- 
vide an aseptic medium for the almost 
perfect preservation of the cellular struc- 
ture of the plant tissues. Among the 
plant cells preserved are numberless pol- 
len grains that drifted into the lake and 
later the bog. They are usually so well 
preserved that the trained observer can 
distinguish many of them even as to the 
species they represent. Year after year, 


other factors enter into the accuracy of 
the record. 

In order to analyze and interpret the 
record, a sedimentary column is ob- 
tained, beginning with the silts and 
sands of the earliest lake bed and ex- 
tending to and including the surface 
peat. This is done with a peat sampler, 
which is so constructed that an nncon- 
taminated sample of a few cubic inches 
can be obtained at any interval desired. 
The magnitude of the sampling interval 
is determined by the depth of the bog; 



EIG-. 1. POLLEN PEOPILES, EASTEEN WASHINGTON EEGION 

FOR LODGEPOLE, WESTERN WHITE AND YELLOW PINES, GRASSES, CHENOPODS, AND COMPOSITES. 


decade after decade, and millennium 
after millennium a rain of pollen from 
the adjacent forests has settled on the 
lake or bog and has become incorporated 
into the accumulating sediments. The 
pollen is disseminated to great distances, 
so that the forests that have existed 
within a radius of 50 miles may.be well 
represented. Time of pollen shedding, 
direction of the wind, receptivity of the 
lake or bog, degree of preservation, rela- 
tive amounts of pollen produced from 
the various species, as well as many 


the greater the depth the greater the 
interval used. A 10-foot section of 
pollen-bearing sediments may be chrono- 
logically equivalent to a 50-foot column 
from another bog. A small portion of 
the sediments from each level, a cubic 
centimeter or so, is chemically treated 
in order to deflocculate the pollen grains 
from the rest of the organic matrix, 
stained, and mounted in glycerin jelly on 
a microslide. From 100 to 200 pollen 
grains of indicator species are identi- 
fied from each level. Fortunately most 
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of our trees have air-borne pollen, and 
they have left an excellent record in the 
peat colnmns. The trees of a forested 
area are the best indicators of climate 
and other factors of the environment. 
In unforested areas, grasses, composites, 
and chenopods are valuable indicators 
in the Pacific Northwest, and pollen from 
these groups is abundant in sedimentary 
columns from the timberless areas of 
eastern Washington and Oregon. Many 
pollen grains of less important species 
are present, but these have little or no 


and then its pollen become less and less 
upward in the profile until it is almost 
or entirely absent near the surface (Pigs. 
1, 2) . Other species may not be recorded 
in the bottom levels but become pre- 
dominantly represented before the sur- 
face is reached. These fluctuations in 
the proportions of poUen grains of the 
several species upward in the column re- 
flect the changes in forest composition 
during the postglacial time as the en- 
vironmental conditions changed. In a 
few cases the forest succession thus re- 



EIG. 2. POLLEN PROFILES, PUGET SOUND REGION 

FOR LODGICPOLE AND WESTERN WHITE PINES, COMMON DOUGLAS FIE, AND WESTERN HEMLOCK. 


index value in reconstructing the vege- 
tation of the past. 

The percentage of pollen for each in- 
dicator species for each level is de- 
termined. From these data a curve is 
constructed for each species, revealing 
its fluctuations during the time repre- 
sented. Some trees are more abundantly 
and consistently represented and pro- 
vide the most significant data for inter- 
pretation of the past forests. A given 
species may be predominantly repre- 
sented in the lower levels of the column, 


corded merely indicates a natural de- 
velopment toward the climax or ultimate 
type of vegetation that can be supported 
by the area, involving little climatic 
change. In other words, vegetation it- 
self modifies the environment and paves 
the way for continued plant succession, 
such as mentioned above in bog succes- 
sion. Slight changes in the pollen pro- 
portions of a species from level to level 
do not indicate changes in the forest 
composition unless these trends are sus- 
tained for several horizons. Minor 
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fluctuations, back and forth, are peculiar 
to the method of pollen analysis. It is 
the greater and long-range trends that 
indicate change in vegetation complex, 
which in turn suggests environmental 
fluctuation. Sometimes sharp fluctu- 
ations from one level to the next denote 
an abrupt change in the environment, 
such as those caused by fire, volcanic 
eruptions, or other catastrophic events 
that destroy the vegetation and suddenly 
change the trend of succession. 

The principle of fossil pollen analysis 
is simple in itself; the interred record 
is obvious and easily accessible, but it 
did not receive the systematic and con- 
centrated attention of scientists until 
recently. Although the earliest known 
work in fossil pollen analysis was done 
by a Swiss scientist in 1865, it was not 
until 1916 that Swedish scientists ap- 
plied the method in working out the 
postglacial vegetation of northern Eu- 
rope. In North America this method 
was first used as early as 1927, but it 
was not until the thirties that sufScient 
investigations were being conducted to 
give any significant results. The future 
of this paleobotanical method is bright, 
and more and more applications of its 
results will be made. Its most recent ap- 
plication is to American archeology, and 
it may serve to shed much light on the 
prehistory of man in North America. 

CHEOHOIrOGICAIi CRITERIA 

The most recent, systematic, and wide- 
spread major time marker is Pleistocene 
glaciation, which occurred during the 
past million years in the Northern Hem- 
isphere. The time since the last of these 
great ice sheets reached its greatest ad- 
vance and began its final retreat is esti- 
mated by geologists to be about 25,000 
years. In the Pacific Northwest, the 
Puget Lowland of western Washington 
and the northern part of that state east 
of the Cascade Range were covered with 
glaciers that are considered to be of the 


same age as those of north-central and 
eastern United States. Mountain glaci- 
ation also occurred in the Cascade Range 
of Oregon and Washington; the major 
movements of these were probably gen- 
erally contemporaneous with those of the 
continental glaciers. All pollen-bearing 
sediments that rest upon glacial drift 
or its chronological equivalent are neces- 
sarily postglacial in age. It is doubtful, 
however, that the vegetation history re- 
corded in the peat columns goes back 
to immediate deglaeiation of a given site, 
because of delay in sedimentation and/ 
or the absence of forests within range 
of pollen dispersal. Occupation of the 
basins by dead ice for some time after 
the main body had wasted, as well as 
other conditions brought about by the 
unstable physiographic situations ex- 
istent in deglaciated areas, is responsible 
for an incomplete record. Another fac- 
tor causing a possible time differential 
for the beginning of sedimentation in 
different areas is the rate of ice retreat. 
It may have taken several thousands of 
years for the ice to waste back from the 
point of greatest advance to its center 
of accumulation. Because of these and 
still other factors, all immeasurable as 
to time, the average age of the pollen- 
bearing sediments in the Pacific North- 
west, resting upon glacial drift or its 
chronological equivalent is estimated at 
about 18,000 years. Some may be 
younger and others older, depending 
upon their locations with respect to the 
position of the glacial termini and subse- 
quent geomorphic cycles. Many post- 
glacial sedimentary columns lying be- 
yond the limits of glaciation are probably 
of the same age, because they rest on 
materials that owe their emplacement in- 
directly to glaciation, as by inundation 
of their sites by glacial waters, im- 
pounding water in tributaries by ag- 
grading of main stream valleys, and 
enstatic changes in sea level caused by 
nurturing and wasting of glaciers, and 
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POSTGLACIAL CLIMATE AND CHRONOLOGY 
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the modified marine cycles and shoreline 
processes resulting therefrom. 

Many alpine and montane bogs in the 
Pacific Northwest are underlain with 
drift from mountain deglaciation. Be- 
cause of a probable lag in deglaciation 
at these higher elevations, these sedi- 
ments are slightly younger than those 
that lie on continental glacial drift. An 
average age for these is estimated to be 
about 15,000 years. 

A second but more local series of time 
markers is postglacial volcanic activity 
as revealed by one or more layers of ash 
or pumice in Pacific Northwest sedi- 
mentary columns. Perhaps the most 
spectacular and evident is the eruption 
of Mount Mazama, which formed the 
caldera holding Crater Lake in the 
southern Cascades of Oregon. This great 
eruption dispersed pumice over some 
5,000 square miles to the north and east 
of Crater Lake, which provides a com- 
mon time marker for the pollen-bearing 
sediments that rest on the pumice, and 
for those at greater distance that contain 
an interbedded stratum. Dr. Howel 
Williams, of the University of California, 
has dated this eruption at 4,000 to 7,000 
years ago, a figure which finds support 
in the limited amount of organic sedi- 
mentation which has occurred since. Dr. 
Ira AUison, of Oregon State College, by 
correlating lake beds in south-central 
Oregon containing Crater Lake pumice 
with postglacial fluctuations of Great 
Basin lakes, concludes that it occurred 
between 12,000 and 14,000 years ago. 
Upon the basis of the depth of pollen- 
bearing sediments and the recorded for- 
est succession, the writer believes that 
the eruption of Mount Mazama did not 
occur more than 12,500 years ago, and 
probably somewhat later (see table). 
This preceded the eruption of Newberry 
Crater located about 70 miles to the 
northeast of Crater Lake, as shown by 
the position of its pumice layer above 
those from Mount Mazama in the lake 


beds of south-central Oregon (table). 
Pumice from this source has not been 
found in bogs in the CaKScades, as its 
dispersal was both local and to tlie east 
of the main Cascade Range. 

More recent and lesser eruptions of 
volcanoes in the Three Sisters area of the 
central Cascades of Oregon have de- 
posited local pumice mantles. A few 
bogs lie on pumice from an eruption of 
Devils Hill, which the writer has set at 
about 4,000 years based upon the thick- 
ness of the overlying pollen-bearing 
sediments and the forest succession re- 
corded therein (table). That this erup- 
tion followed that of Mount Mazama by 
thousands of years is shown by the oc- 
currence of its pumice at 2 meters and 
the presence of a stratum of Mount 
Mazama pumice at 4.5 meters in a 7- 
meter profile 13 miles west of Bend, Ore. 

In the Willamette Valley of north- 
western Oregon, a layer of pumice is 
present in the upper third of moKSt peat 
sections. Examination reveals that it 
did not come from Mount Mazama. Its 
position immediately above an oak maxi- 
mum recorded in the profiles, signifying 
a warm, dry climate, suggests that the 
eruption providing the pumice occurred 
much later than that of Mount Mazama. 
This pumice may have come from Mount 
St. Helens in southwestern Washington, 
about 100 miles to the north. The writer 
has estimated this volcanic activity at 
about 5,000 years (table). 

In most bogs in the state of Washing- 
ton, with the exception of those along the 
coast and in the southwestern part, there 
occurs a single layer of fine, volcanic ash 
which may have come from Glacier Peak 
in the north-central part of the state. 
This is the most valuable time marker 
resulting from volcanic activity in the 
Pacific Northwest because of its wide- 
spread occurrence and presence in so 
many postglacial sedimentary columns. 
The position of the ash stratum in the 
sedimentary columns is usually at a level 
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from two-tJairds to three-quarters down 
from the top. The average thickness of 
30 sections resting upon glacial drift or 
its chronological equivalent is about 7.2 
meters, and the average depth at which 
the ash occurs is 4.4 meters. The strati- 
graphic position of the ash near the 
culmination of a warm, dry period as 
interpreted from the recorded forest 
succession, suggests that the volcanic 
activity occurred about 6,000 years ago 
(table; Figs. 1, 2). 

A third factor that has indirectly pro- 
vided chronological criteria for postgla- 
cial vegetation history in the Pacific 
Northwest is the fluctuations in the levels 
of the Great Basin lakes. During the 
last glacial (pluvial in the Great Basin) 
stage, the levels of Lake Bonneville, ante- 
cedent of modern Great Salt Lake, and 
of Lake Lahontan, predecessor of mod- 
ern Pyramid Lake in western Nevada, 
were higher than the modern lakes. 
They perhaps reached their last high 
levels during the Tioga glacial stage of 
the Sierra Nevada of California. This 
is probably equivalent to the last Wis- 
consin glacier, which in turn is consid- 
ered to have been contemporaneous with 
the final glacial stage in the Puget Low- 
land and eastern Washington. As men- 
tioned above, the culmination of this 
stage was reached about 25,000 years 
ago, the maximum age of Pacific North- 
west postglacial sedimentary columns. 
As the glaciers receded and the climate 
became drier, both Lake Bonneville and 
Lake Lahontan apparently dried up dur- 
ing the peak of the drought. The mod- 
ern lakes, Great Salt Lake and Pyramid 
Lake, are thought to have been formed 
later when there was a general increase 
in precipitation over the Northern Hem- 
isphere. Dr. Antevs believes that this 
period of extreme desiccation occurred 
between 8,000 and 4,000 years ago, and 
he has named it the warm, dry Middle 
Postglacial (table). The lakes of south- 
central Oregon, in the northern part of 


the Great Basin, seem to have had a 
somewhat similar history as shown by 
Dr. Allison in the following article in 
this issue. It is the presence of pumice 
from Mount Mazama and Newberry 
Crater in the dry bed of Lake Chewau- 
can, Pleistocene antecedent of modern 
Summer Lake, correlated with this evi- 
dence for fluctuating lake levels, that 
furnishes a connecting link between the 
Great Basin and the Pacific Northwest 
with respect to postglacial climatic 
trends. Further evidence for this warm, 
dry period is offered by the salinity of 
Owens Lake in California and of Abert 
and Summer Lakes in south-central Ore- 
gon. The present salinity of these lakes 
need not have required more than 4,000 
years to have been attained. As these 
lakes lie in closed basins, there is no 
chance for the incoming salts to be lost, 
so that as time goes on their water de- 
velops' a greater concentration of dis- 
solved salts. These lakes apparently 
dried up during the warm, dry Middle 
Postglacial, and the sediments were 
buried or removed by deflation. The 
lakes were reborn with the advent of 
more moisture about 4,000 years ago, 
and since have become more saline. 

A fourth line of evidence lending sup- 
port to the termination of a dry period 
about 4,000 years ago is found in the his- 
tory of western mountain glaciers. With 
the exception of the main trunk glaciers, 
which have persisted since the Pleisto- 
cene, many glaciers in the Sierra Nevada 
were born about 4,000 years ago, accord- 
ing to glacial geologists. This suggests 
that most of the Pleistocene glaciers dis- 
appeared during the warm, dry Middle 
Postglacial, and their present successors 
were initiated with an increase in mois- 
ture about 2,000 years b.c. 

PosTGiiAciAii Climate 

Much evidence has accumulated for 
the occurrence of at least one warm, dry 
period in the North Temperate Zone 
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during postglacial time. In Scandi- 
navia typological succession in peat bogs 
correlated with varved clay chronology 
has been interpreted to mean that there 
were three warm stages of alternating 
dryness and moisture during the past 

15,000 years. Application of the abso- 
lute chronology of varved clays has dated 
these as occurring between 9,000 and 
2,600 years ago. Varved clays are an- 
nually banded sediments that were de- 
posited in glacial lakes during glacial 
retreat. The rate of ice retreat has been 
determined by counting the varves and 
cross-dating them with varves from lakes 
formed successively in the wake of the re- 
treating ice. In eastern North American 
pollen profiles, trans-Atlantic correlations 
have been applied, and interpreted as 
reflecting the occurrence of these three 
warm periods about the same time. Von 
Post, a Swedish scientist, upon the basis 
of pollen analytical data from Scandi- 
navia, has divided the Postglacial into 
three climatic periods. The first was 
one of increasing warmth, the second was 
one of maximum warmth, and the third 
was one of decreasing warmth. He be- 
lieves that after glacial retreat the tem- 
perature gradually rose and attained its 
maximum between 7,000 and 6,000 years 
ago. He includes the time represented 
by the three warm periods mentioned 
above in an *‘Age of Warmth’’ but does 
not interpret alternating dryness and 
wetness. The yon Post sequence has 
been applied to pollen profiles in En- 
gland and also to eastern North Ameri- 
can pollen profiles by some American 
workers. A somewhat modified scheme 
seems to fit the pollen profiles of the 
Pacific Northwest. 

Pollen analytical data from 65 post- 
glacial sedimentary columns, correlated 
with the time markers and climatic evi- 
dence mentioned above, reveal that there 
were four periods of climatic trends in 
the Pacific Northwest. Period I, per- 
sisting from deglaciation until about 


15.000 years ago, was cool and moist, 
owing to the influence of recent glacia- 
tion. Period II was one of increasing 
warmth and dryness, lasting until about 

8.000 years ago. Period III marks the 
stage of maximum warmth and dryness 
which endured until about 4,000 years 
ago. This stage marks a period of maxi- 
mum warmth and dryness which, was 
perhaps general over the entire Northern 
Hemisphere. It was during this time 
that the Great Basin lakes dried up or 
reached their lowest levels. Tliis stage 
may be designated as the warm, dry 
Middle Postglacial. Period IV saw a 
return to cooler and moister conditions 
which with minor fluctuations have 'per- 
sisted to the present (table). 

These climatic stages are perhaps most 
sharply defined by the vegetation history 
recorded in the sedimentary columns in 
eastern Washington. In this region, the 
marine climate of the Coastal Strip and 
Puget- Willamette Lowland is consider- 
ably modified by the Cascade Eange and 
the continental influence to the east. 
The rainfall is at a critical minimum i’or 
forest growth, permitting contraction or 
expansion of forested areas with only 
slight changes in precipitation. In pol- 
len profiles from this region, the maxima 
of grasses, chenopods, and composites for 
a period beginning before, and continu- 
ing for some time after, the recorded vol- 
canic activity marks an expansion of the 
timberless area due to the warming and 
drying during the Middle Postglacial 
(Fig. 1). Western yellow pine, the 
present climax dominant, rapidly ex- 
panded above the volcanic-ash stratum, 
indicating increased moisture and expan- 
sion of the forested zone. The attain- 
ment of the yellow-pine climax was 
apparently held in abeyance by the con- 
tined warming and drying until about 

5,000 years ago. 

In the Puget Sound region the four 
climatic periods are not so well por- 
trayed by the forest history because of 
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the greater amount of precipitation and 
the wide range of environmental condi- 
tions tolerated by one of the principal 
species, Douglas fir. This species is 
the principal timber tree of the Pa- 
cific Northwest. The chief dominant 
species in the Puget Sound region is 
western hemlock, which requires more 
moisture and better soil conditions than 
Douglas fir. The latter is a subclimax 
tree that has been able to persist as one 
of the most abundant species because of 
recurring fire down through the centur- 
ies. If forest succession is permitted to 
continue without interruption, hemlock 
gradually becomes the most abundant 
arboreal species, and Douglas fir is 
crowded out entirely. The development 
of western-hemlock postglacial predomi- 
nance was held in check until sometime 
after the volcanic activity, first by the 
xmfavorable soil conditions and then by 
the warming and drying of the Middle 
Postglacial. The maximum and pre- 
dominance of Douglas fir occur below 
the level of the volcanic-ash stratum in 
most Puget Sound region pollen profiles, 
while the maximutn and predominance of 
hemlock do not occur until above the ash 
layer (Pig. 2). The retardation of the 
development of the hemlock supremacy 
may have been partly influenced by fires, 
which tended to favor the persistence of 
Douglas fir as the most abundant arbo- 
real species. 

In the central Oregon Cascades the 
climatic record in the pollen profiles is 
somewhat obscured by the influence of a 
thick pumice mantle upon forest succes- 
sion, In areas where the pumice is sev- 
eral to many feet thick, the vegetation 
was destroyed, and the subsequent forest 
succession has apparently been controlled 
by the sterile, pumiceous soil. In areas 
where the pumice fall was lighter, the 
vegetation was not entirely or immedi- 
ately destroyed, but a well-developed 
trend toward a yellow-pine climatic cli- 
max was interrupted, and lodgepole pine 


superseded it and has since remained 
predominant. Lodgepole pine is the 
most common tree in Yellowstone Na- 
tional Park. This is well shown in pol- 
len profiles from a peat bog at Tumalo 
Lake, 13 miles west of Bend, Ore., where 
two layers of pumice, one from Mount 
Mazama and the other from Devils Hill, 
are interbedded in the peat column. In 
areas southwest of Crater Lake, where 
the pumice is confined largely to the val- 
ley floors, western yellow pine has been 
predominant since the eruption of Mount 
Mazama. It attained its maximum in 
the lower third of the profiles marking 
the culmination of the warm, dry stage. 
As these columns rest directly upon 
Mount Mazama pumice, the warm, dry 
maximum must have followed the erup- 
tion of Mount Mazama by several thou- 
sands of years. Two bogs lying upon 
glacial drift north of the pumice mantle 
in the Oregon Cascades, reveal that 
lodgepole pine was the pioneer postgla- 
cial invader, the same as in the Puget 
Sound region and in eastern Washing- 
ton. The yellow-pine maximum, mark- 
ing the warm, dry stage, was attained in 
the middle third of the profiles. A re- 
turn to moister conditions is reflected in 
the marked increase in western hemlock 
and a correlative decline in yellow pine 
in the upper third of both profiles. As 
these sections probably represent most of 
postglacial time, or about 15,000 years, 
the eruption of Mount Mazama could 
hardly have taken place more than 15,000 
nor less than 8,000 years ago. 

In the Willamette Valley of north- 
western Oregon the warm, dry Middle 
Postglacial is indicated by a high maxi- 
mum of Oregon white oak, which was 
able to supersede Douglas fir for a brief 
interval. As oak is the most xerophytic 
arboreal species in the Willamette Val- 
ley, its predominance at these levels sup- 
ports the other evidence for the warm, 
dry interval. Its later decline and an 
increase in Douglas fir denote the return 
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of moister conditions in more recent time. 
In the northern Great Basin of south- 
central Oregon, the evidence of Early 
Man provides further chronological data 
which are readily correlated with the his- 
tory of postglacial vegetation. In four 
peat columns from Lower Klamath Lake, 
which probably represent most of post- 
Monnt Mazama time, the pollen profiles 
reveal evidence for a warm, dry stage, 
which upon the basis of stratigraphy may 
be inferred to have been contemporane- 
ous with the warm, dry Middle Postgla- 
cial. Also, the occurrence of an artifact 
horizon in one of the sedimentary col- 
umns, at or near the level denoting maxi- 
mum warmth and dryness, suggests that 
the lake dried up so that Early Man 
camped along a slough or stream that 
flowed through the exposed lake bed. 
Hence man was in the Klamath Basin 
4,000 or 5,000 years ago. Upon the ad- 
vent of moister conditions, the lake bed 


was re-inundated and 6 to 8 feet of 
peat was deposited over the artifacts. 

That Early Man was in south-central 
Oregon as early as 12,000 years ago, or 
prior to the eruption of Mount Mazama, 
is revealed by the occurrence of artifacts 
under the pumice in caves, and the pres- 
ence of obsidian knives beneath the 
pumice at the Wikiup Dam Site on the 
Deschutes Eiver about 30 miles south of 
Bend, Ore. The importance of this evi- 
dence is well shown by Dr. Cressman, of 
the University of Oregon, in his com- 
panion paper in this issue. 

The work of Williams, Antevs, Alli- 
son, and Cressman has been most valu- 
able in reconstructing the chronology of 
climate and of the postglacial vegetation 
in the Pacific Northwest. It shows how 
the results of several phases of scientific 
research help to fill in some of the pieces 
of the paleontologic jigsaw puzzle, which 
is entombed in the archives of the earth. 


INTO THE ROCK 

Another footprint shall we he 
In rock that held for history 
The tusk of giant mastodon 
That sweating jungles hore upon . . . 

Where lizard slid from slime to stone, 

Where fighting dinosaur left hone 
And carrion gave to hat-like bird 
Mid sounds no human ear has heard . . . 
There lava poured its scorching death 
Before the glacier’s icy hreath 
Laid waste the land, swept to the sea. 

Till nothing^ lived of fern and tree, 

Save only, in terrain, the core 

That fought through chaos gone before 

When planets to their orbits swung 

And from the dark thin light was wrung . . . 

God will not let man’s footprint fail. 

Though wars may blaze till stars grow pale. 
Who walked this way and stood erect. 
Tasting the world with intellect! 

Baebara Whitney 



EARY MAN IN OREGON 

PLUVIAL LAKES AND PUMICE* 
By IRA S. ALLISON 

DEPAETMENT OP GEOLOGY, OREGON STATE COLLEGE 


As evidences of Early Man in Oregon 
were discovered by Dr. L. S. Cressman, 
of the University of Oregon, to underlie 
air-laid pumice in caves excavated by 
waves on the shores of extinct lakes that 
once occupied the Port Eock, Summer 
Lake, and other fault basins in south- 
central Oregon, it became important to 
trace the pumice to its sources and to 
determine as completely as possible the 
history of those ancient lakes. Dr. 
Howel Williams, of the University of 
California, who was studying the vol- 
canic history of the Crater Lake region, 
identified the pumice in the caves near 
Paisley, Ore., as the product of former 
Mount Mazama (on the present site of 
Crater Lake) and the pumice in the cave 
near Port Eock, Ore., as the product of 
Newberry Volcano. Dr. Ernst Antevs, 
research associate of the Carnegie In- 
stitution of Washington, following a 
brief reconnaissance assigned the caves 
and other shore features to the Pluvial 
or Glacial Age, as had Eussell, Meinzer, 
and others many years ago. At the re- 
quest of Dr. John C. Merriam, late presi- 
dent emeritus of the Carnegie Institu- 
tion of Washington, the writer in 1939 
undertook a field investigation so as to 
provide a more complete geologic frame- 
work into which the archeological data 
could be fitted. Subsequently these 
studies have continued through parts of 
several field seasons. 

PnimAii History of the Great Basin 

The prototypes of these various pluvial 
lakes are described in the classic works 

* Prom a paper presented at a symposinm on 
Early Man in Oregon at the annual meeting of 
tke Oregon Academy of Science, Portland, Ore., 
January 13, 1945. 


of G. K. Gilbert on Lake Bonneville 
and of I. C. Eussell on Lake Lahontan. 
Lake Bonneville is an extinct lake that 
at its maximum stage was more than 

1.000 feet deep and covered more, than 

19.000 square miles in the eastern part 
of the Great Basin in western Utah and 
eastern Nevada. Its shore features are 
clearly shown around its margin, especi- 
ally against the western foothills of the 
Wasatch Eange in Utah, as at Salt Lake 
City, Provo, Logan, and elsewhere. 

Lake Bonneville had two distinct 
high-water stages, about 1,000 and 625 
feet deep, respectively, which were 
named by Gilbert the Bonneville and 
Provo stages. They were separated by 
a stage of comparatively low water, pre- 
sumably caused by a change toward a 
drier climate. Eecent interpretations 
correlate these maximum stages with 
the Tahoe and Tioga glacial stages of 
the Sierra Nevada of California, which 
in turn seem to be equivalent to early 
Wisconsin (Iowan) and late Wisconsin 
(Mankato) glacial stages of the north- 
central United States. Their culmi- 
nating stages, therefore, were reached 
about 65,000 and 23,000 years ago. 

Pormer Lake Lahontan in western 
Nevada, which once covered nearly 9,000 
square miles and stood about 530 feet 
higher than modern Pyramid Lake, had 
a similar history. 

Both Lake Bonneville and Lake 
Lahontan are thought to have disap- 
peared by desiccation several thousand 
years ago as a result of extreme drought, 
and the modern lakes such as Great Salt 
Lake and Pyramid Lake are thought to 
have been formed later, because of a 
change to somewhat moister, though still 
semiarid, conditions. 
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Thus from the climatic standpoint 
these former lakes indicate two stages 
of moist or pluvial climate, each fol- 
lowed by a stage of reduced precipita- 
tion (or increased evaporation, or both), 
and the modern lakes indicate a slight 
return to pluvial conditions in recent 
millennia. 

Evidence from: Port Eock Basin 

The Port Eock basin is a fault-block 
depression in the northern part of the 
Great Basin in south-central Oregon. 
It too has a record of an early pluvial 
lake about 230 feet deep and of a later 
one about 140 feet deep. Waves on the 
lake of the 140-foot, or Provo, stage, which 
the writer calls pluvial Port Eock Lake, 
eroded the cave near Port Eock in which 
Cressman found the artifacts of Early 
Man beneath a blanket of pebble pumice 
derived from Newberry Volcano. 

Studies of the sediments on the for- 
mer bottom of the lake by the writer dis- 
closed that the Newberry pumice fall 
occurred when Port Eock Lake, once 
140 feet deep, had been reduced by 
evaporation to a depth of about 30 feet 
and that the lake entirely disappeared 
shortly afterward. If one assumes that 
the 140-foot stage was reached about 

23.000 years ago and that the lake in 
its waning stage persisted until about 

10.000 years ago (a short time prior to 
the dry climatic stage of 8,000 to 4,000 
years ago) the age of the Newberry 
pumice and hence of the human occu- 
pation of the area is carried back to 
about 11,000 or 12,000 years ago. 

During the later dry stage the wind 
excavated basins in the lake plain which 
range in depth from a few feet to 40 
feet or more and in area from a fraction 
of an acre to several hundred acres. 
Several of these deflation basins later 
became the sites of small lakes or ponds. 
Subsequently, such lakes have dried up 
and deflation on a moderate scale has been 
resumed. Thus the basins give evidence 


of post-Pluvial climatic history as fol- 
lows: (1) Decreasing moisture, increas- 
ing aridity, and increasing wind work, 
that reached a maximum probably dur- 
ing the dry stage of 8,000 to 4,000 years 
ago, (2) increased precipitation, cessa- 
tion of deflation, and formation of small 
lakes in the basins previously excavated, 
some 2,000 years ago, and (3) later re- 
turn to somewhat dry conditions and 
partial renewal of wind erosion. 

Clues from Summer Lake Basin 

Summer Lalce basin in south-central 
Oregon is another fault-block depression 
with an area of about 200 square miles, 
of which modern Summer Lake, shallow 
and alkaline, covers about 50 to 70 
square miles. In this basin pluvial 
Lake Chewaucan of the Bonneville, or 
Tahoe, stage stood about 350 feet higher 
than Summer Lake is now, and pluvial 
Winter Lake of the Provo, or Tioga, stage 
was about 210 feet deeper. 

The artifact- and fossil-hearing caves 
near Paisley, Ore., which contain an 
air-laid stratum of sandy Mount Ma- 
zama (Crater Lake) pumice above the 
artifacts and fossils, belong to the early 
high-water level. 

The sediments of the pluvial lakes, 
partly exposed in the short valley of 
Ana Eiver at the north end of the 
basin, include a series of lake-laid pum- 
ice or ash falls. Certain of these are 
correlated by petrographic criteria with 
eruptions of Mount Mazama and a later 
one with the eruption of Newberry Vol- 
cano. At the time of the climactic out- 
burst of Mount Mazama pluvial Win- 
ter Lake, formerly 210 feet deeper than 
Summer Lake, was still about 85 feet 
deeper. Hence the distribution of the 
pumice took place before the end of 
Pluvial time. If the last pluvial lake 
attained its ma:s:imum level about 23,000 
years ago and disappeared about 10,000 
years ago, the age of the main Mount 
Mazama pumice fall, as indicated by the 
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80 to 90 foot depth of the lake then ex- 
isting, must be about 12,000 to 14,000 
years. The artifacts underlying the 
pumice in the caves nearby then must 
be older yet. 

As the pumice in the Paisley caves is 
in places 18 to 24 inches thick, whereas 
the corresponding water-laid material 
on the lake bed is only about 8 inches 
thick, the possibility that the pumice 
was drifted into the caves by the wind, 
perhaps long after the original fall, 
has to be considered. Evidence against 
such a secondary eolian origin includes : 
(1) The purity of the pumice, (2) the 
difficulty of transporting the pumice 
particles up hill over or through a 
coarse boulder field to an elevation about 
100 feet higher than the edge of the lake 
plain, (3) the presence of large numbers 
of crystals of feldspar and hypersthene 
that should have been winnowed out 
from the light pumiceous glass while in 
transit, and (4) the failure of the wind 
in modern times, active as it is, so to 
deliver pumice to the caves. 

Instead, the exceptional thickness of 
the pumice in the caves probably is to 
be explained as primarily a gravity and 
not an eolian effect. Very likely as the 
pumice sand fell on the steep hillside 
above the caves, it tumbled, rolled, or 
slid down the slope like hail from a roof 
and accumulated on a shelf at the cave 
mouths, whence tramping or minor wind 


action easily could spread it within the 
wide but shallow caves. Thus a sec- 
ondary origin of the pumice layer is 
unnecessary, if not impossible, and an 
estimate of 12,000 to 14,000 years for 
the age of the underlying artifacts ap- 
pears to be justified by the record of the 
pumice fall in pluvial V/’inter Lake. 

Conclusion 

In both the Port Rock and the Sum- 
mer Lake basins the general history of 
the pluvial lakes, parallel to that of 
Lake Bonneville and Lake Lahontan, 
and the sedimentary record in such lakes 
of a series of pumice falls afford a means 
of dating the volcanic eruptions. Inas- 
much as evidences of Early Man in both 
areas occur beneath layers of air-laid 
pumice in caves eroded by waves on the 
shores of large, deep lakes that formerly 
occupied these basins in Pluvial time, 
man must have been present in the re- 
gion before the explosive eruptions both 
of Mount Mazama (just prior to the 
formation of the caldera of Crater Lake) 
and of Newberry Volcano, which sup- 
plied the pumice. Judged by the depths 
of the shrinking pluvial lakes into which 
the pumice fell, the main Mount Mazama 
pumice is about 12,000 to 14,000 years 
old, and that of Newberry Crater about 
11,000 or 12,000 years old. These figures 
in turn represent minimum estimates of 
man’s antiquity in Oregon. 



THE NATION’S MILITARY SECURITY 

By Captain MYRON W. CURZON, GSC 


President Truman message to the 
Joint Session of Congress on October 23, 
1945, on universal military training 
clarified a major issue upon which the 
country must now make a decision. It 
will be a vital decision. The President’s 
introductory words dealt with ‘‘a long 
range program of national military se- 
curity.” We must inaugurate military 
policies which will secure our present 
advantage which prompted General Mar- 
shall to report to the Secretary of War 
that “for the first time [in] ... six 
years . . . the security of the United 
States of America is entirely in our own 
hands.” We cannot gamble with our 
national existence ; the stakes are too big. 

Articles which have previously ap- 
peared in The Scientific Monthly on 
universal military training have dealt at 
length with collateral benefits and detri- 
ments which have in the past character- 
ized military service. They have debated 
the merits of a year of military train- 
ing — ^from the standpoint of mental proc- 
esses, health benefits, and experiences in 
democracy. These factors are not to be 
ignored, but the justification for uni- 
versal military training, conducted by 
the Army and Navy in military instal- 
lations and under military regulations, 
can only be military necessity. 

Hopeful though we all are that the 
United Nations Organization will bring 
to the world an enduring peace, it is 
recognized that our obligations under 
the United Nations Charter requires us 
to keep ourselves militarily powerful. 
Other nations will judge the sincerity of 
our pledges by the manner in which we 
show ourselves as ready and willing to 
contribute our share to the enforcement 
of the Organization’s authority. As one 
key member of the organization we share 


responsibility for assuming the initia- 
tive; other member nations will work 
with us and gradually the framework of 
the United Nations Organization, drafted 
at San Francisco, will take on substance 
and strength. 

Indeed, in our present world where so 
many nations have learned no other lan- 
guage except that of military power, the 
voice we raise for peace and interna- 
tional accord must be accented by our 
own proved ability to support our words 
with deeds, if necessary, or it will go un- 
heeded at the time it should be heard. 
Only after the passing of many years 
and the application of tests not yet de- 
vised will we be able to entrust our 
national security to the stewardship of 
other powers, no matter in what combi- 
nation. Today we are faced with the 
reality that the surest guarantee that no 
nation will dare again to attack us is to 
remain strong in the only kind of 
strength an aggressor understands— mili- 
tary power. 

Military Lessons from World Wars 1 
and 11, The mobilization of American 
forces proved to be the decisive factor in 
winning victory for the Allied Powers 
in World War I. Hitler and his General 
Staff absorbed that lesson well; they 
sought to avoid direct conflict with the 
United States as they went about their 
conquests on the European Continent. 
The available evidence indicates that the 
Japanese attack at Pearl Harbor was not 
in accordance with a unified strategic 
Axis plan. Once the United States was 
involved, however, forces were set in 
motion which eventually led to the defeat 
of these criminal nations— although at a 
cost even now only partially realized. 

Thus, two efforts to achieve world 
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domination through, the conquest of 
democratic nations failed — one because 
the aggressor underestimated the effec- 
tiveness of American power, the other 
because the aggressors failed to isolate 
and immobilize that power. A future 
aggressor embarking upon world con- 
quest will not commit these mistakes 
again. The United States, the Arsenal 
of Democracy in two wars, will be the 
first target of attack. Not again will we 
have years in which to prepare to assume 
the offensive while valiant allies and our 
own advance guards hold the line. The 
initial attack, if it comes, will be upon 
the very heart of the United States. The 
robot bomb, the rocket, aircraft carriers, 
and modem air-borne armies have weak- 
ened our geographical security. 

It is clear that the United States, now 
possessed of a fighting strength greater 
than at any time in its history, and 
greater than that of any other nation in 
the world, must take direct, positive 
action to preserve its position. 

Our Miliiary Requirements. Our mili- 
tary requirements in the future will be 
for a force which can be committed to 
combat in suj65eient strength to with- 
stand a surprise attack and undertake a 
counteroffensive which would overwhelm 
the enemy. The development of elec- 
tronic and rocket weapons and the ad- 
vent of nuclear physics in warfare have 
not decreased the importance of trained 
manpower. On the contrary, the day has 
long since passed when we can call un- 
trained minutemen to the colors in an 
emergency to oppose with familiar mus- 
kets the threat of invasion. We need 
men versed in the complexities of radar 
and rockets, airplanes and atomic bombs, 
amphibious landings and air-bome inva- 
sions. It is not the purpose of universal 
military training to prepare men for 
wars of the past but to educate our re- 
serves in the intricacies of the type of 
warfare in which inevitably our total 


manpower would be engaged if war 
should come again. 

One means of achieving the desired 
military strength would be to raise and 
support a large standing Army. We are 
well aware, however, that the experiences 
of other nations with large standing 
ax-mies have been anything but desirable. 
Exclusive professional soldier castes have 
developed. Desirable strengths have had 
to be maintained through resort to con- 
scription. So great a proportion of the 
national income has been channeled to 
the military that the nations approached 
national bankruptcy, from which they 
were ' ^ saved only by acts of aggression 
which eventually culminated in war. 

The President’s proposal that the post- 
war military organization be composed 
of — 

(1) a comparatively small Regular Army, 
Navy, and Marine Corps,* 

(2) a greatly strengthened National Guard 
and Organized Reserve for the Army, Navy, 
and Marine Corps j and 

(3) a General Reserve composed of aU the 
male citizens of the United States who have re- 
ceived universal military training 

successfully avoids the pitfalls of mili- 
tarism and is a far-reaching step toward 
the goal of national security. It contem- 
plates a force of regulars, no larger than 
necessary to perform its normal peace- 
time duties and to meet sudden minor 
emergencies, to be reinforced when neces- 
sary by reserve forces organized from 
the trained young men of the Nation. 

If these young men are to reinforce 
our small regular forces promptly for 
active service in any part of the world, 
they must be reservists in fact. Other- 
wise they will require more training 
upon mobilization and delay the rein- 
forcement of the regular forces, thereby 
entailing, to provide the same degree of 
security, a larger and more expensive 
regular peace establishment than would 
be necessary if immediately effective re- 
servists were available. 

A military organization adapted to the 
international situation which confronts 
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US, erected upon onr traditional military 
policy whereby the military is always 
subordinated to the civilian authority, 
will be practicable if supported by a sys- 
tem of universal military training, but 
not otherwise. With it, even with a rela- 
tively small establishment, the United 
States will always have enough organ- 
ized units in the Regular Army and 
Navy, the National Guard, and the Or- 
ganized Reserves to supply a substantial 
quota in any force required by the 
United Nations to suppress aggression. 
To meet a great emergency additional 
trained reservists will be drawn into the 
service under such emergency legislation 
as Congress may enact. 

Universal military training is only 
one of the essential parts of the program 
of national security for the United 
States. Equally important are the de- 
velopment of an efficient and practicable 
scheme for industrial mobilization and 
an adequate program of scientific re- 
search and development. The develop- 
ment of expeditious methods for the 
mass production of war materiel is an 
important phase of scientific research 
which has been neglected in the past. 

The adoption of a sound plan for uni- 
versal military training now will give 
impetus to the whole program of national 
security for the United States. The 
training program will pick up where the 
military service of the veterans of this 
war leaves off. Training installations, 
materiel, and the guidance of combat 
veterans, with their war lore, uninter- 
rupted and fresh in mind, will be avail- 
able and at hand. Once we disband and 
scatter this setup, it will be more difficult 
and more expensive to re-establish the 
necessary facilities. 

It has been suggested in some quarters 
that inauguration of the training pro- 
gram should be postponed until the 
shape of the peace is better known and 
until our commitments under the United 
Nations Organization are determined. 


It is difficult at any time to know pre- 
cisely what our responsibilities will re- 
quire in the way of military power. This 
much we know — if we are to have avail- 
able a force when needed, the time to be- 
gin preparing is now. If, at some later 
time, conditions change, then the pro- 
gram can be re-examined and revalued. 

It is no valid argument against adopt- 
ing universal military training at this 
time that there are now millions of 
trained veterans of this war available for 
service in any emergency. We cannot 
rely indefinitely upon those veterans; 
they have earned the right to return to 
civil life. In any emergency the bxirden 
will rest upon the youth of the nation to 
constitute the new reserve military 
strength. If that be their responsibility, 
then onrs is to give them the training to 
fit them to their tasks. 

The Training Program, Both the 
Army and the Navy have prepared pro- 
grams for the training of our vast citizen 
forces. The objectives of the programs 
are similar — to produce units capable of 
engaging in combat upon the shortest 
possible notice. It is no accident that 
each service recommends that the over- 
all length of the training program be one 
continuous year. The recommendations 
are based upon experiences gained under 
the stress of war, when every nerve and 
fiber were strained to expedite the flow 
of men from induction stations to the 
theater of combat. 

A youth will commence his training at 
the age of eighteen, or upon his gradu- 
ation from high school — whichever is 
later ; hut in any event before his twenti- 
eth birthday. Those who complete high 
school in the seventeenth year may enter 
upon the training immediately, if they 
have parental consent. In general, the 
time at which a youth graduates from 
high school is optimum from the point 
of view of his being physically able to 
undergo the training, mentally capable 
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of assimilating its principles, and eco- 
nomically able to withstand its interrup- 
tion to his career. At that time, too, the 
economic loss in the production of goods 
and services for the Nation as a whole 
will be at its least. 

Perhaps it is inaccurate to speak of an 

interruption’' in the young man’s life. 
For the small percentage who might be 
continuing their education (less than 17 
percent of the whole) the year would, as 
Pr. Karl T. Compton has said, bring the 
young men to college ‘^with greater ma- 
turity, more realistic social adjustment, 
and greater determination to make the 
best use of their future educational op- 
portunities. ” For the rest they would 
at the conclusion of their training enter 
the ranks of business, agriculture, or in- 
dustry with a useful preparation in tech- 
nical skills and the inculcation of valu- 
able habits of discipline, teamwork, and 
industry. The year would be a part of, 
and not apart from, the total educational 
experience of our youth. 

Adequate basic or *^boot” training, 
further technical training applied ac- 
cording to each youth’s aptitude and 
preference insofar as the needs of the 
services allow, and then unit training 
culminating in combined maneuvers in 
which all arms and services participate 
under simulated battle conditions will 
provide a well-rounded fifty-two weeks 
of stimulating activity. The emphasis 
in the training will not be on mere drill- 
ing. It will be on the use of all the 
instruments and weapons of modem 
warfare. Every qualified youth will be 
offered a chance to perfect himself in 
some military specialty. 

Provision will be made within the 
armed service to help trainees improve 
their educational status. Ample oppor- 
tunity will be presented for self-improve- 
ment. Some part of the training could 
be used to develop skills which would be 
useful in future civilian life. Moral and 
spiritual guidance has always been con- 


sidered of highest importance by the 
armed forces; it will continue so in the 
training program. Ample medical care 
will be available. 

These programs differ greatly in con- 
cept from the three- and four-month 
replacement training programs of World 
War II. In the early days of the war 
well over a year was devoted to the 
preparation of, first, the individual; then 
the small unit; and finally the larger 
unit. After all the units required by the 
troop basis were trained and transported 
to the various theaters of operation, the 
wartime training programs concentrated 
principally upon providing adequately 
trained individuals for replacements. 
The replacement must be trained well as 
an individual, but since he joins a vet- 
eran organization in which he is sur- 
rounded with skilled, tried men who will- 
ingly aid him, his training need not be as 
extensive as that of the original members 
of the group. 

Once the youths have completed the 
prescribed course of training, they would 
be enrolled in the General Beserve for a 
period of six years. The General Ee- 
serve would be available for rapid mobi- 
lization in time of emergency, but no 
obligation to serve in the military forces 
would be imposed upon its members, 
either in this country or abroad, unless 
and until called by an act of Congress. 

Trainees need not stop with the pre- 
scribed program. Commissions would 
be granted to qualified men who complete 
the course of training and who then take 
additional instruction in Officer Candi- 
date Schools, in the Beserve Officers 
Training Corps, and in the Naval. Be- 
serve Officers Training Corps. Outstand- 
ing trainees could be selected after an 
adequate period of training and sent to 
college with Government financial aid, 
on condition that they return, after grad- 
uation and with BOTO training, as 
junior officers for a year or more of addi- 
tional training and service. 
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Freed of the necessity of providing 
basic training for enrollees, the ROTC 
program could be established at a high 
level, comparable to the academic levels 
of college education in which the young 
men of the ROTC are engaged. They 
would be prepared for training as offi- 
cers, prospective leaders of men. The 
product of such an ROTC would provide 
the National Guard and the Organized 
Reserve with an officer corps of excep- 
tional character. 

One continuous year of training will 
effect the maximum economy in the cost, 
in time and money, of a universal mili- 
tary-training program. A year of train- 
ing will not, of course, furnish fully 
trained men for all the specialties and 
ratings which the armed forces require. 
Many specialists require considerably 
more than a year of training. The num- 
bers of men of this type required for a 
well-rounded reserve will be met with 
trainees who volunteer for additional 
training. 

The Bole of the Armed Forces, The 
system of military organization herein 
described would provide a democratic 
and efficient military force. It would be 
a constant bulwark in support of Ameri- 
can ideals of government. It would con- 
stitute the backbone of defense against 
any possible future act of aggression. 

It has been suggested that universal 
military training violates traditional 
American concepts of liberty and democ- 
racy and that it will create a militaristic 
nation. On the contrary, the objective 
of the program is to train citizens so 


that, if and when Congress declares it 
necessary for them to become soldiers, 
they could do so more quickly and more 
efficiently. A large trained reserve of 
peace-loving citizens would never go to 
war, if it could be avoided. But if war 
came to them, repetitions of many of the 
bloody sacrifices heretofore experienced 
could be rendered unnecessary. 

Nothing can' alter our Nation un- 
shakable opposition to war and tradi- 
tional determination to preserve the 
peace. We have tried throughout our 
history to support our pacific purposes 
with a display of weakness. The inevi- 
table result has been to encourage the 
vaulting ambitions of every sawdust 
Caesar who dreamed of world domina- 
tion. Against their rising power we 
could oppose only the pitiful weapons of 
pacts and appeasement. The end of this 
road was war and war for which we were 
forever unprepared. The lesson of this 
our past history is plain. We must en- 
force our will for peace with military t 
power. 

In the words of the former Chief of 
Staff, General Marshall : * ^ If this nation 
is to remain great it must bear in mind 
now and in the future that war is not the 
choice of those who wish passionately for 
peace. It is the choice of those who are 
willing to resort to violence for political 
advantage. We can fortify ourselves 
against disaster, I am convinced, by the 
measures I have here outlined. In these 
protections we can face the future with 
a reasonable hope for the best and with 
quiet assurance that even though the 
worst may come, we are prepared.’^ 



WHAT IS NATIONAL DEFENSE?* 

By Lieutenant (jg) KENNETH B. PLATT, USNR 


Were the best course to pursue for our 
national defense clearly definable, doubt- 
less it would have been so defined long 
ago. Since the course is uncertain and 
the problem urgent, thorough explora- 
tion of all views is in order. 

In his article The Fallacy of the Lost 
Year in the August, 1945, Scientific 
Monthly, sounding the virtues of com- 
pulsory military training both for its 
own sake and to improve our educational 
program, Professor Keller has raised is- 
sues too vital to our national future to be 
left unchallenged. Emphatically, I wish 
to second his statement: ‘‘The proper 
order of education, especially at the out- 
set of schooling ... is: obedience first, 
reasoning second. That has been the 
order which the race has had to follow 
if it was to survive. It is the order of 
learning anything. ' ’ Unquestionably, 
our prevailing educational practices 
would benefit from the introduction of 
more directed study and the deletion of 
much folderol. But that a year thus 
gained would be beneficially spent in 
compulsory military training as outlined 
by Professor Keller I feel is a fallacy 
even greater than the one he decries. 

The chief concern of this article is with 
the problem of national defense. On the 
educational issue, suffice it to say that the 
vast amount of new material on the nat- 
ural sciences brought forward in the past 
two decades, plus the monumental prob- 
lems in social science affecting interracial 
and international relations now crying 
for the major effort of generations, 
might well absorb all the educational 

* The opinions or assertions contained herein 
are the private ones of the writer and are not 
to be construed as official or as reflecting the 
views of the Navy Department or the naval 
service at large. 


time salvageable from school activities of 
questionable value. 

What is national-defense prepared- 
ness? Before attempting positive sug- 
gestions, let us review, through the me- 
dium of Professor Keller ^s article, some 
of the things which preparedness is not 
and explore the reasons therefor. 

1. The basic assumption of Professor 
Keller, that a large body of trained 
reserves is national-defense prepared- 
ness, is the very trap from which the 
world has just dragged its mangled form. 
In World War II our backlog of EOTC- 
trained men accumulated since World 
War I was entirely ignored except where 
this training had led to reserve commis- 
sions. The swift advance of war meth- 
ods and equipment had left those men 
who were trained only basically no bet- 
ter fitted for either leadership or combat 
than those with no training at all. This 
experience was paralleled in every other 
country which had pursued a similar pre- 
paredness program. It would doubtless 
be repeated in the event of a third world 
war. 

World War II demonstrated nothing 
more clearly than the pitiful inadequacy 
of orthodox military defense against a 
determined aggressor. Recent testimony 
by General Haider, one-time German 
army chief of staff, showed that Czecho- 
slovakia had 45 divisions of men better 
trained and equipped than the 15 divi- 
sions Hitler had at the time of the Mu- 
nich putsch, plus a more formidable de- 
fense cordon than the French Maginot 
line. Add to this the fact that the 
Czechoslovak Nation was created by the 
Allies after World War I specifically to 
block possible future German ambitions 
in that direction and was, accordingly, 
backed by the Allies as one of their prime 
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defense agents. Yet by one colossal blufl 
of aggression Hitler negated tbis whole 
defense structure, and in the time gained 
thereby went on to prepare the actual 
aggressions which demolished Poland 
and Prance, each with larger '^trained” 
forces than Germany's, as well as the 
many smaller countries with armies ag- 
gregating far more than the armies of 
Germany, 

In short, this war may be said to have 
demonstrated incontrovertibly that no 
nation is prepared to defend itself until 
it is prepared, psychologically as well as 
with men and mechanisms, to wage ag- 
gressive offensive war. This is no start- 
ling new idea, but merely a reverse state- 
ment of the historic fact that no war ever 
has been won by defensive means. 

Presumably Professor Keller's article 
already was in print before the atomic 
bomb burst upon the world, finally and 
irretrievably shattering the dream of 
adequate national defense through large 
standing armies and trained reserves. 
Actually, this dream has been only a 
dream, at least ever since science got into 
fuU stride. For while it is true that 
every war has been won by men fighting 
and dying in battle, it is also true, and 
decisive, that the means of victory in- 
creasingly have come to be the products 
of superior science. This fact was borne 
out in a recent tabulation of ‘‘lessons 
learned" in this war, which included 
as one lesson: “The American soldier 
learned at Cassarine Pass that he is no 
better, man for nian, than any other 
soldier with equal equipment and train- 
ing.^* The significance of this point as 
it affects preparedness is that the equip- 
ment used at Cassarine Pass was the 
product of decades of research and de- 
velopment in all branches of science, 
lyhereas the 6.1. training required to use 
&at equipment to a victorious conclusion 
was a matter of weeks. Whatever doubt 
of the futility of numbers of men against 
mperior seience mkj have lingered until 


Hiroshima and Nagasaki surely has van- 
ished since those doomsdays, as witness 
the statements of General MacArthur 
and other eminent militarists that the 
day of large standing armies is past. 

Despite these lessons of current experi- 
ence, if the United States should now 
launch into a permanent program of 
compulsory military training for all 
physically fit males as they come to mili- 
tary age, there is a very great danger 
that we should in time come to regard 
this program as the essence of pre- 
paredness. 

2. In an early paragraph of his article 
Professor Keller declares that the youth 
will benefit from the proposed training 
in that “his physical defects are going 
to be detected and rectified, ... his in- 
toxicants limited, ... his mental and 
moral hygiene . . . improved.'^ The 
experience of the medical profession has 
been that the majority of physical defi- 
ciencies which render a man unfit for 
military service cannot be satisfactorily 
cured after the individual reaches mili- 
tary age. It is generally agreed that 
preventive medicine and hygiene through 
childhood give the only satisfactory solu- 
tion to this problem. The fact that most 
of these deficiencies are regarded as pre- 
ventable is prima-facie evidence that 
they should be prevented — ^by such 
changes or improvements in our national 
food, social and recreational habits, 
sports, hygiene, medical programs, etc., 
as may be necessary — rather than 
“cured" after serious harm has been 
done. 

3. Although limiting of intoxicants is 
a good thing while it lasts, the fallacy of 
this argument in Connection with mili- 
tary training is that the associations and 
conditions of military life are such as to 
expand the drinking habit. Coming into 
this life at an impressionable age, many 
young men who never before have used 
intoxicants soon acquire the habit be- 
cause it is one of the things that “every- 
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body’^ does. It is part of tbe military 
tradition. Others increase their nse of 
intoxicants out of sheer boredom because 
bars and saloons often are the only places 
they can go to mingle with other people 
during the brief, infrequent, and pre- 
dominantly night-houred liberty periods 
customarily granted from military duty. 
Few will argue that the drinking habit, 
once acquired, is easily curtailed under 
self “discipline after imposed prohibitions 
are removed. 

4. The idea of improving the average 
young American’s mental and moral hy- 
giene under conditions of military life 
simply does not square with the facts. 
Ask any experienced chaplain. Every 
circumstance of this unnatural environ- 
ment is against such improvement. The 
individual is away from home, family, 
friends, church, community — away from 
every outside influence which formerly 
guided him in a normal balanced life. 
He is cast into a mass of strange human- 
ity under conditions which, compared 
with home life, are harsh, confusing, and 
discouraging. The result is moral cor- 
rosion. Although myself raised and 
hardened in rough company, I found as 
a Naval enlisted man in ^^boot” train- 
ing that masses of men confined in bar- 
racks soon dropped to depths of immor- 
ality never approached in my previous 
experience. To quote Kipling (as does 
Professor Keller, differently) from his 
immortal character Tommy Atkins : 

Au^ if some times our eonduek isu^t aU your 
fancy paints, 

Wliy, single men in barrieks don’t grow into 
plaster saints. 

I may add from personal observation 
that married men react the same as single 
men in this respect. 

5. In a later paragraph Professor Kel- 
ler surmises we ^^can be confident that 
two vitally essential desirables will be 
inculcated, directly or indirectly, in all 
curricula: Discipline and ‘Democracy’.” 
The fundamental incompatibility of mili- 


tary discipline and democracy was 
clearly expounded by John Paul Jones^ 
in a letter of September 14, 1775, to 
Joseph Hewes, member of the Marine 
Committee of the Continental Congress, 
embodying suggestions on the organiza- 
tion of a naval force, quoted by Buell in 
his book Paul J ones^ in part as follows : 

A navy is essentially and necessarily aristo- 
cratic. True as may be the political principles 
for which we are now contending, they can never 
be practicaUy applied or even admitted on board 
ship, out of port or off soundings. This may 
seem a hardship, but it is nevertheless the 
simplest of truths. Whilst the ships sent forth 
by the Congress may and must fight for the 
principles of human rights and republiean free- 
dom, the ships themselves must be ruled and 
commanded at sea under a system of absolute 
despotism. 

The same relationship between com- 
manders and commanded might have 
been as well bespoken for army organi- 
zation. The years have altered this re- 
lationship little, if any. Certainly they 
have not altered the professional mili- 
tarists’ view on the subject. Despite 
much talk of a “democratic” army in 
this war, it just did not work out. It 
could not. We will do ourselves a ser- 
vice if we recognize at the outset, that 
military discipline is part and parcel of 
military method, and that it is applied 
from above, inevitably. At the same 
time every effort should be made to en- 
courage self-discipline in everyday life 
as one of the priceless fundamentals of 
true leadership ability which gave us a 
decisive edge over the discipline-numbed 
German soldier of World War I, who 
was helpless when his officers were put 
out of action. Where we must have 
superimposed discipline, so be it; but let 
us not fool ourselves that it is good for 
its own sake. 

1 Tbe autbentieity of tMs letter has beeh de- 
uied by DeKoven (Life and Letters of John 
Paul Jones') j but its wide acceptance and teach- 
ing as the ''moral and intellectual charter of 
Annapolis” make that point irrdevant to the 
present argument. 
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6. As for the prospects of discipline in 
the proposed compnlsory military train- 
ing program, I do not share Professor 
Keller’s confidence that ^‘it is not at all 
likely” that the military establishment 
will tmposo “a narrow type of it” as in 
the past, nor that it should run in a 
lot of duds or dubs, in courses or teachers, 
they will be speedily shown up.” Un- 
fortunately in this regard, military dis- 
cipline requires unquestioning obedience 
and universal coi^ormity. Unfortu- 
nately, too, for the outlook of the pros- 
pective trainee, the lower one goes in the 
military hierarchy the more does force 
of rank depend upon autocratic author- 
ity rather than upon leadership stature. 
In the final analysis the private in the 
ranks is left with no recourse except un- 
protesting subservience to the lowest 
bracket of officers. Assuming that the 
trainee will be under permanent organi- 
zation personnel for the most part, I can- 
not but feel dubious of his benefits from 
these discipline contacts, for the obvious 
reason that men of strong leadership 
ability do not commonly fall into life 
careers as noncommissioned military of- 
ficers. And should the misfit courses and 
teachers be shown up” as Professor 
Keller assumes, by no means does it fol- 
low that they would be removed. In- 
deed, if one may judge by the degrees of 
incompetence tolerated by the inertia of 
the military machine in other parts of 
its mechanism even under war urgency, 
the probabilities of speedy adjustment of 
training schedules and personnel under 
a permanent peacetime training program 
seem remote. 

^‘Intelligent discipline” is specified in 
Professor KeUer’s argument. Yet one 
may validly question whether there is, or 
can be, such a thing as intelligent disci- 
pline superimposed upon any large mass 
of adult or near-adult persons with 
heterogeneous backgrounds and abilities. 
Visit any large municipal court — ^an 
everyday laboratory of applied mass dis- 


cipline^ — ^and you will find that the in- 
telligence factor in the law is injected 
through variations in its application to 
fit the circumstances and the individual, 
rather than through rigidity. That the 
casting of all minds in one mold is not 
intelligent education long has been rec- 
ognized. True, the swing toward un- 
guided learning has gone too far in many 
eases, and educators now are returning 
to a greater degree of standardization in 
education as necessary to fit oncoming 
generations to the realities of our social 
structure. But it will be agreed, I think, 
that this standardization should be held . 
to the minimum conformable with social 
necessity. Likewise, I feel it will be 
agreed that superimposed discipline as a 
principle in any part of our lives should 
be used only as necessity demands. 

Recognizing the whole institution of 
militarism as a social aberration in a 
world not yet matured to international 
self-discipline, let us then recognize mili- 
tary discipline for what it is— a neces- 
sary ingredient of the military method, 
whose application we should seek to re- 
duce as rapidly as conditions warrant. 

8ome Suggestions For Our National 
Defense. The impossiblity of stabilized 
military security in a war-minded world 
is easily demonstrable to any logical 
mind, since one nation’s security auto- 
matically spells insecurity for all other 
nations against which that security is 
calculated. This article assumes that our 
fiLrst and greatest effort should be toward 
prevention of international friction as 
the only solid ground for international 
peace. But well-intentioned peace ef- 
forts have failed in the past and may fail 
again. So great is this risk that we are 
compelled to consider every means by 
which we may resist aggression. 

The secret of America’s strength in 
battle has had as many explanations as 
Sampson ^s: Our great manpower; our 
individual superiority, man for man ; our 
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vast natural resources ; our unrivaled in- 
dustrial advancement ; our immunity 
from attack; our unmatcked inventive- 
ness; our unity of purpose; and so on. 
Yet in each of these elements we have 
been equaled or surpassed by other na- 
tions. The real secret of our strength, 
the catalytic agent that has activated all 
the separate elements into an invincible 
combination, is the unfettered American 
mind. 

In World War I we beat the German 
military machine, the perfection of gen- 
erations of military planning, training, 
and preparation, by virtue of our free- 
dom from the rigidity imposed by such a 
preparatory program. Because we were 
not bound to a preconceived pattern, we 
could create a more effective pattern. In 
World War II we beat the Axis military 
machine because the unfettered Ameri- 
can mind outstripped the driven Axis 
mind in producing new and more effec- 
tive engines of war. Our advantage in 
each ease was merely a different facet of 
the same gem — greater freedom to think 
and act on individual initiative. And 
so long as the minds of men vary in ca- 
pacity and resource, such freedom will 
remain an advantage over any conceiv- 
able regimented program. 

It follows that our best defense against 
possible future aggressions lies in a 
course which will enhance this inherent 
advantage of democracy. Education for 
life will continue to be more productive 
of advancement than is education for 
death. Let us therefore hold fast to our 
traditions of universal .liberal education. 
But let us broaden this education with a 
modernized view of social and economic 
relationships, from backyard to world 
scope. The emphasis on material pro- 
duction which has characterized our so- 
ciety in recent generations needs now to 
be shifted to a study of more equitable 
distribution of the fruits of the machine 
age. In a society which devotes over 90 
percent of its time to its own operation 


and less than 10 percent of its time to 
producing the necessities of life, yet con- 
tinues in devastating internal and inter- 
national strife over allocation of these 
necessities, the need for more effort to- 
ward perfecting the social organization 
is evident. And when we recognize the 
industrial strikes now paralyzing Amer- 
ica and Britain as symptoms of the same 
disease which produces wars, we see that 
there is plenty to be done here at home 
in strengthening ourselves against pos- 
sible outside aggression. Be it not for- 
gotten that it was internal strife rather 
than lack of military defense which made 
Prance so vulnerable to the Nazi blitz. 

Upon the foregoing broad background 
of liberal tradition, universal education, 
and internal solidarity the following spe- 
cific suggestions for our national defense 
are offered: 

1. First essential for our future na- 
tional defense, of course, is a unified 
defense command other than that now 
lodged in the President as Commander in 
Chief of both Army and Navy. Our 
Presidents are not elected for their mili- 
tary prowess, and even if the public at 
large could and would choose^ them on 
that basis, the other duties of the office 
would preclude adequate fulfillment of 
the military function. So widely has this 
point been argued in recent months that 
space will not be taken to discuss it here. 

2. The pace of science in devising new 
instruments and techniques of war makes 
it utterly impractical to keep a large seg- 
ment of the population adequately up-to- 
date in their uses. Equally impractical 
because of its inadequacy and rapid obso- 
lescence is such partial training as might 
be given in a year of compulsory basic 
military training. On the other hand, an 
effective and not unduly costly program 
for providing the essential corps of thor- 
oughly trained military personnel for de- 
fense emergencies would be to expand 
our West Point and Annapolis programs 
to several times their present size, at the 
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same time injecting into these programs 
such additional materials as might he 
necessary to tnrn out graduates fitted for 
various civilian pursuits closely related 
to military effort — engineers, chemists, 
transportation experts, disaster relief ex- 
perts, public-health doctors, and nurses 
— to name a few. Let the graduates of 
this program in excess of the needs of 
our standing forces be given reserve com- 
missions and required to keep them cur- 
rent with refresher training at suitable 
periods. Precedent for such a course was 
established by default during the two 
decades preceding World War II, when 
even the limited numbers graduated 
from our military and naval academies 
exceeded the needs of our standing forces 
and many graduates could not be given 
active commissions. A planned program 
along this line would seem better pre- 
paredness than the default situation, 
which may be expected to arise again 
when our armed forces are pared to 
peacetime needs. 

The realities of total war — and any 
major conflict of the future must be ex- 
pected to be total war — are such as 
strongly to commend such an arrange- 
ment. In total war total populations and 
total resources must be mobilized to the 
cause. This is not readily done by 
strictly military methods in a society 
essentially dedicated to peaceful pursuits 
and traditionally steeped in liberal demo- 
cratic government. In war the need 
arfees for large numbers of persons fa- 
miliar with both civilian and military 
needs and capable of integrating the two 
with greatest over-all efSciency, for the 
military machine necessarily is powered 
by civilian effort. The more complex our 
society grows the more essential becomes 
the military-civilian liaison function. 
For this reason it may well be argued 
that a deliberate policy of injecting mili- 
tarily trained personnel into key civilian 
pursuits in peacetime is essential to any 
realistic preparedness program. In fact, 


a strong ease could be made for requir- 
ing even Army and Navy career men to 
spend one year in five in a civilian occu- 
pation, to keep them acquainted with the 
realities of the social organization from 
which their strength must come in case 
of war. 

3. Any preparedness program which 
fails to include women in large numbers 
ignores the facts of total war so recently 
demonstrated to us. Behind-the-lines 
activities of armed forces more and more 
can be taken over by women as the use 
of machines and instruments increases. 
At no time in this war did our women 
fill all, or nearly all, the military posi- 
tions they might have filled equally as 
well as men. Especially critical was the 
shortage of nurses. Since nurses cannot 
be trained quickly, and since future .ag- 
gressions may be expected to strike with- 
out warning and on a very broad scale, 
the presence throughout the nation of 
large numbers of trained nurses com- 
mends itself as an essential of national- 
defense preparedness. 

4. An adequate peacetime public-health 
program embodying currently known 
principles of preventive medicine and 
personal hygiene could make profitable 
use of the women so trained. Such a 
program, fully justifiable for its own 
sake, must be included among the essen- 
tials of national-defense preparedness. 
Selective Service reports show that for 
every three men inducted into our armed 
forces one was rejected for physical, men- 
tal, educational, or moral reasons. A 
very large share of these rejections could 
have been avoided by a program of pre- 
ventive medicine, child care, accident 
prevention, and truly population-wide 
education applied through the years pre- 
ceding military age. And another war, 
more devastating and draining than the 
last, may not find us with a 25 percent 
margin of manpower not needed in ac- 
tual combat. 

Much of the needed public-health pro- 
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gram could and should be accomplished 
in the schools. The competitive sports 
which comprise almost the total physical 
development program of most of our 
schools are good in themselves when not 
overdone. But too few students partici- 
pate in these sports, and too many par- 
ticipants sustain disabling injuries. Col- 
lege sport participation is coming to be 
the almost exclusive realm of professional 
athletes, themselves often permanently 
disabled by too strenuous action. From 
primary grades through college our 
physical education program is in need of 
drastic overhauling. A candid view of 
our probable future defense require- 
ments calls for thorough hygienic educa- 
tion and bodily development of all per- 
sons of both sexes not incapacitated by 
insurmountable deficiencies. The meth- 
ods for doing this are well known; all 
that lacks is their proper application. 

5. Universal health and strength are 
not enough. An understanding of world 
forces is needed both to forestall possible 
wars and to defend ourselves if attacked. 
Science has so far outstripped the hu- 
manities that we now find ourselves with 
no dependable approach to the problems 
in class and international conflict 
brought on by development of unlimited 
capacity for production of goods and 
services. The great need now and for 
the future is to close this gap between 
scientific advancement and advancement 
in human relationships. To this end it 
it here suggested that our whole educa- 
tional curriculum be redrafted to direct 
emphasis upon world problems. There 
need be no concern for the future of sci- 
ence under such a program, for science 
may be expected to continue or accelerate 
its current rate of discovery and inven- 
tion for a long period to come, without 
other encouragement than a free hand 
in research. The real issue is that the 
products of science are pointless if kept 
in the laboratory; whereas, once out of 
the laboratory, they* may do far more 


harm than good if exploited by unscrupu- 
lous or unenlightened leaders placed in 
power by peoples unaware of ultimate 
results to be expected from current mea- 
sures and policies. Was not Nazi Ger- 
many an example of this outcome ? And 
is not our present industrial paralysis a 
symptom of the same organic weakness? 

Ten years ago Alexis Carrel, in his 
Man the Unknown, suggested that soon 
significant advancement in our knowl- 
edge of man as an organism might re- 
quire as much as 30 years of intensive 
preparation by the most able scholars in 
many related fields of science. Is it too 
much to suggest that in the field of hu- 
man relationships, already far behind 
scientific developments, we could well af- 
ford to encourage and direct similar in- 
tensive preparation of some of our best 
minds for devotion to national and world 
improvement in government, economics, 
sociology, and religion? Certainly we 
should take more positive measures than 
we do now toward intelligent preparation 
of intelligent men and women for places 
in public life, especially of those who 
are to represent us abroad. If internal 
strength, international prestige, and in- 
ternational goodwill be elements of na- 
tional security, then added emphasis 
upon study of the humanities is one of 
our musts’’ of future national defense. 

Specifically, the indigestible mixture 
of statistics, irrelevant chronologies, and 
romanticized military campaigns now 
taught as history should be replaced with 
a realistic summary of man’s circuitous 

progress” through the various forms 
of government and social structure, phi- 
losophy, religion, material culture, etc., 
with a deadly earnest effort to interpret 
the causerand-effect relationship behind 
their respective ascendencies, conflicts, 
and collapses. G;eography should be 
raised from travelogue scope to its right- 
ful stature as a study of natural re- 
sources, climates, peoples, and cultures 
each reacting upon the other to affect 
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the destiny of nations and the course of 
history, past and future. The languages 
of at least half a dozen leading nations 
besides our own should be widely taught 
throughout our school structure, and 
mastery of at least one of them required 
of every college graduate. World-wide 
international student exchanges should 
be encouraged — subsidized if necessary 
— ^to the point of assuring greatly im- 
proved mutual understanding with all 
nations. 

If such a program requires more years 
of education, so be it. We can well 
afford them. Further, it is here pro- 
posed that the time has fully come when 
we should expand our compulsory edu- 
cation requirements to include high- 
school level. Our forefathers pioneered 
universal education as one of the fun- 
damentals of sound democracy. Today 
we are in danger of losing that democ- 
racy through the votes of those who 
leave school without any real under- 
standing of our present society, now 
vastly more complex than in the days 
when the three R^s were the fundamen- 
tals of our culture. Regardless of 
whether v?-e increase our compulsory edu- 
cation requirements, we should make 
wide use of newly perfected aptitude 
screening tests to develop a channeling 
program for students above grade-school 
level to assure as far as possible that 
each win spend his time in a field prom- 
ising to be profitable both to him and to 
society. 

7. For investigations costly beyond the 
scope of private and state research insti- 
tutions, such as the controlled use of 
atomic energy, where probable national 
benefit promises to justify the expendi- 


ture, federal subsidies should be pro- 
vided. Much research in aeronautics, 
electronics, and other war-vital fields 
also probably will require federal sup- 
port for rapid progress. That such sup- 
port should be given where needed is so 
obvious as to be given only passing men- 
tion here. Government controls over the 
research so supported, however, should 
be scrupulously limited to reasonable 
accounting of funds. Direction of the 
research itself must be left to suitable 
committees of leading scientific workers. 

8. In event of future wars, greater 
care than heretofore should be given to 
retaining in their respective fields the 
largest possible number of scientific 
workers and students, medical students, 
skilled technicians, etc. The traditional 
dictum of our democracy that in time of 
war all are subject to the battle call, re- 
gardless of station, loses its validity 
when a literal application threatens the 
ability of the nation to win that battle, 
or to maintain its ascendency after the 
battle is won. Careful peacetime studies 
of the probable war necessity of every 
branch of science should be made by 
men qualified to judge. Likewise, rat- 
ings may be placed upon individual 
scientific workers on the basis of intelli- 
gence tests, college records, and subse- 
quent work, with a view to determining 
degrees of dispensability in a war emer- 
gency. Similar records might be com- 
piled to cover workers in other essential 
technical or professional fields requiring 
long periods of preparation. Consulta- 
tion of these records in wartime place- 
ment of personnel would avoid un- 
necessary training programs and many 
costly delays in manning war activities. 
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NOTES ON THE SOLAR ECLIPSE 
OF JULY 9, 1945 

Reports are still drifting in on tlie re- 
sults of the solar eclipse of July 9, 1945. 
The path of the moon’s shadow stretched 
from Boise, Idaho, through central Can- 
ada across Hudson Bay into Greenland, 
and across the Scandinavian Peninsula 
into Asia. In spite of war conditions, 
professional and amateur astronomers 
stood watch in this country and in Can- 
ada along the central line. The eclipse 
watchers met with various degrees of 
luck in observing weather. A New York 
party found clear weather at a station 
overlooking Basin Creek Valley near 
Butte, Mont. In the same state at Malta 
under partly clouded skies, Princeton’s 
Professor John Q. Stewart and General 
Electric’s James StoMey, with others in 
their group, made 36 photographs of the 
corona and the moon’s shadow during 
the 30 seconds of totality allotted. Dr. 
Walter T. Whitney, of Pomona College, 
was partly successful in spite of threat- 
ening clouds at Opheim, Mont. Amateur 
astronomers reported fair weather at 
Francis in Saskatchewan, and the as- 
tronomers at Wolseley, Saskatchewan, 
including . Dr. Roy K. Marshall, of 
the Franklin Institute, and Dr. Orren 
Mohler, of the McMath-Hulbert Observa- 
tory, reported perfect visibility follow- 
ing early morning clouds. 

An elaborately equipped party under 
the leadership of Lt. Comdr. Donald H. 
Menzel reported that clouds prevented a 
view of any part of the eclipse. Also 
clouded out were Dr. Charles H. Smiley, 
of Brown University, and Dr. C. H. 
Gingrich, of Carleton College. They 
were located at Roblin, Manitoba, along 
with Professor C. M. Huffer, of Beloit 
College, and T. J. Bartlett, of North- 
western. At Pine River a party from the 
Terkes Observatory was successful in 


their long-focus photographs of the 
eclipsed sun. The corona has been de- 
scribed, by those who were successful in 
seeing it, as of the sunspot-minimum 
type with extended streamers emanating 
from the solar equatorial zone. 

Unique among the reported observa- 
tions were recordings of atmospheric 
electric effects made at God’s Lake, Hud- 
son Bay. J. T. Wilson reports results 
in the September issue of the Allis-Chal- 
mers Electrical Review, In addition to 
employing photographic and meteorologi- 
cal equipment, special provision was 
made for observing measurements of the 
atmospheric potential gradient before, 
during, and after the eclipse. By means 
of an electrometer in connection with a 
collector they reported not only an 
abrupt change in the potential gradient 
but also an actual reversal in sign ac- 
companying or shortly following total- 
ity. While before totality the potential 
gradient of the atmosphere registered 
steadily about 150 volts negative, within 
3 minutes after the duration of the total 
phase the gradient dropped rapidly to 0, 
reversed in sign and actually attained 
about 75 volts positive,* after which it 
again returned to the apparently normal 
pre-eclipse value. 

These observations are particularly 
significant since during many recent 
eclipses ionospheric observations have 
shown a marked drop in the ionization 
of the upper atmosphere, immediately 
accompanying envelopment in the moon’s 
shadow. These previously well-recog- 
nized results have substantiated the be- 
lief that the principal ionizing agent for 
the radio-reflecting layers consists of 
ultraviolet radiation from the sun. 
Studies of aurorae by Stormer and oth- 
ers have indicated the existence of elec- 
trons or charged corpuscles emanating 
from the sun as a supplementary source 
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of ionization in the earth atmosphere. 
Search has been made at various eclipses 
to detect the effect of a corpnscnlar 
radiation from the sun on the presump- 
tion that such charged particles travel 
much more slowly than the velocity of 
light. Results have been conflicting and 
thus far have failed to prove conclusively 
that the screening of such radiation by 
the moon could be detected by radio 
means. 

The results of the observers at God’s 
Lake, therefore, are of much interest, 
especially since their readings indicated 
a lag of 3 minutes between totality and 
the beginning of the fall in the atmos- 
pheric potential at the earth’s surface. 
Were this potential, in part, maintained 
by charged particles emitted from the 
sun, then this time lag might be in- 
terpreted as an index of the velocity of 
such particles in the earth’s atmosphere. 
On such an assumption one might reason 
that corpuscles travel at such a velocity 
as to consume 3 minutes in passing from 
the moon to the earth, since no change 
was observed until 3 minutes had elapsed 
after the moon had effectively screened 
all radiation of the sun from the shadow 
cone. On the other hand, if ionization 
of the lower atmosphere, which is related 
to conductivity and potential, were to be 
regarded as a progressive effect from the 
top of the atmosphere down, then such 
reasoning would not necessarily hold. 

Unfortunately, there are other matters 
to be considered in interpreting the 
change observed in atmospheric potential 
during the eclipse. The weather was in 
general unfavorable with passing clouds. 
Since clouds generally carry charges of 
electricity, one cannot exclude altogether 
the possibility of their effect in the re- 
corded readings of the electrometer. 
However, clouds had been passing before 
totality and no such effects were ob- 
served. It seems rather unreasonable to 
suppose that the effects recorded were 
due to peculiar cloud formations which 


occurred just after totality. It is to be 
noted that nearly 40 minutes elapsed 
following the eclipse before the atmos- 
pheric potential returned to normal. 
Whatever may be the correct interpreta- 
tion of the atmospheric electric observa- 
tions made at God’s Lake, new interest 
has been added to future solar eclipses. 

More and more we are impressed with 
the important part which radiation of 
the sun plays in maintaining the elec- 
trical state of the earth’s atmosphere. 
Every solar eclipse gives opportunity for 
a study of such changes as may take 
place under the unique conditions staged 
by nature when, within the shadow of the 
moon, all solar radiation is suddenly 
screened by the interposition of our 
satellite. It may be noted that coming 
eclipses will occur during a higher de- 
gree of sunspot activity. Such effects as 
were observed at God’s Lake and effects 
readily observable by radio soundings of 
the ionosphere may be much accentuated 
with increasing solar activity. 

Harlan T. Stetson 

GERONTOLOGY COMES OF AGE 

Aging is as old as time. But geronto- 
logy, the science of aging, is very young. 
Until recently biologists and physicians 
have been strangely content to take 
aging as a matter of course. Only poets 
and philosophers wrote about old age. 
Scientific interest in aging has been more 
active about the fringe of this vast and 
unexplored continent of thought ; as- 
tronomers have been concerned with 
calculating the age of the universe, geolo- 
gists have long worried over the age of 
the earth, and anthropologists and arche- 
ologists have struggled to estimate the 
age of man as a species. But the aging 
of men and women as individuals has re- 
ceived scant attention until recently, and 
very little indeed is known anent the 
basic mechanisms of aging as a biological 
process. 

Man is a utilitarian creature, and few 
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indeed are those scientists who seek un- 
derstanding with purely abstract curio- 
sity. Fewer still are those who encour- 
age and finance pure research free of any 
expectation of practical application. 
Until recently the problems .of aging 
presented largely academic and theoreti- 
cal interest. This is now changed. To- 
day there is real urgency in the need to 
know more, much more, about aging. In 
the past fifty years preventive medicine, 
sanitation, and improved therapeutics 
have raised dramatically the age of our 
population. This increase in age con- 
tinues and in fact was accelerated in the 
past decade. 

At the turn of the century the average 
life expectancy at birth was but 47 
years ; today it exceeds 63. In 1900 only 
17 percent of the total population of the 
United States were 45 years or more. In 
1940, 26.5 percent were over 45, and con- 
servative projection leads us to expect 
that in 1980 — ony 40 years hence, which 
is not long in the life of a nation, al- 
though it may seem long to an individual 
— ^more than 40 percent of our people 
will be over 45. Data from the 1940 
census reveal that the population of the 
United States as a whole increased 7.2 
percent since 1930, but that the number 
of persons aged 65 or more increased 35 
percent in this past decade. There are 
now in this country about 9 million 
people who are 65 or more. It is pre- 
dicted that this fraction of ohr popula- 
tion will more than double in the next 
forty years. 

Obviously, the aged are here; there 
will be many more of them in the years to 
come. This older fraction of our popu- 
lation represents an immense but thus 
far largely unutilized and unappreciated 
resource. The increasing millions of 
older men and women will remain an 
urgent problem and a potential menace 
to national economic equilibrium until 
we know enough about aging to main- 
tain health into senility and to use wisely 


the changed capacities of those past the 
meridian. 

Gerontology, like all Gaul, is divided 
into three parts. The divisions are in- 
timately and inseparably related, al- 
though they involve widely differing dis- 
ciplines. All living matter ages. Thus 
the study of aging requires correlated 
cooperation between the many branches 
of biological and physical sicences. 
These interrelationships are pragmatic 
as well as theoretical ; advances in knowl- 
edge in any one field depend largely 
upon parallel or preceding progress in 
the other categories. 

The logical divisions of gerontology 
are: 

(1) The biology of aging. 

Phenomena of evolution ox development. 

Phenomena of involution or senescence. 

(2) The clinical problems of aging man. 

Pediatries. 

Geriatrics. 

Normal senescence and senility. 
Diseases of the senescent period. 

(8) The socio-economic problems of aging 
mankind. 

Gerontology is growing up. For 
several years a group of scientists, each 
busy working in his own field of study 
and applying highly specialized techni- 
ques to some aspect of aging, has felt the 
need for some medium by which the 
various observations concerning aging 
could be correlated and made more 
meaningful. This small group, meeting 
annually for the past six years as the 
Club for Research on Aging, has now ex- 
tended the scope of its activities by 
forming the Gerontological Society, Inc., 
and conceiving the Journal of Gerontol- 
ogy , the first issue of which is to appear 
this month. The Journal will be pub- 
lished by Charles Thomas, Inc., of 
Springfield, 111., for the Society. 

The Journal of Gerontology is more 
than merely another scientific periodical. 
It is unique in the breadth of its field, for 
it will try to present and correlate aU 
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tliree of the major subdivisions of geron- 
tology, Man is the core of interest. 
Therefore clinical geriatrics will receive 
special prominence. But man is com- 
posed of myriads of cells functioning in 
complex harmony. The fundamentals 
of the biology of senescence form the 
basis for advances in clinical knowledge 
and application. Accordingly, the bio- 
logical sciences are recognized as being 
highly significant. Similarly, men and 
women constitute the basic units of col- 
lective society or the body politic. 
Sociology, biology, and medicine con- 
stitute the triad of facets. It wall be a 
major function of the J ournal of Geron- 
tology to correlate these three viewpoints 
into a unified whole. 

The editor-in-chief, Dr. Eobert A. 
Moore, of the Department of Pathology, 
Washington University, St. Louis, has a 
herculean task of orchestration before 
him. However, the first issue of this new 
journal demonstrates his capacity as con- 
ductor. Dr. Moore has obtained the as- 
sistance of an extensive and widely 
recognized group of editorial advisers; 


consequently no subdivisions of the field 
will be neglected. A wholly original in- 
novation will be the publication of a non- 
technical supplement with each issue. 
The supplement will contain carefully 
prepared digests of all the articles in the 
main journal, written in nontechnical 
language so that the sociologist may un- 
derstand the chemist, the anatomist the 
psychiatrist, or the aged themselves the 
whole conglomerate orchestra. It will 
be more than interesting to observe the 
effectiveness and development of this 
completely new editorial concept. 

The future of gerontology is bright. 
There is much to be learned about aging 
and the aged. And we need to learn 
now. Gerontology is now of age. It 
will continue to mature, as do we all. If 
its further maturation be wisely guided, 
mankind will be enabled to make good 
use of the increased longevity which is 
already here. Let us not forget that it 
remains for mature senescents to explore 
fully and develop all the wondrous 
potentialities of man himself. 

Bdwabd J. Stieglitz 
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G.I. SNAKES 

Meptiles of the Pacific World. Arthur Love- 

ridge. 259 pp. illus. 1945. $3.00. The 

Maemillan Co., New York. 

Mr. Loveridge was given a difficult 
task when he was assigned to cover the 
reptiles of the Pacific World. The very 
title gives a hint of the territory covered 
— ^from the Galapagos west! It sounds 
like the charters of our early Colonies. 
His next hurdle was the time element — 
the book had to appear in time to be of 
use to the G.I. overseas. Another handi- 
cap — his personal field experience had 
been in Africa. Add to this that many 
of his sources of reference were old 
enough to be almost legendary. Only 
limited parts of the area had been cov- 
ered by the reports of herpetologists — 
great spaces remained to be filled in by 
study of relatively few musehm speci- 
mens- Lastly and most important, he 
was not writing for an audience of her- 
petologists or even for beginners in her- 
petology — ^he had to make the book so 
interesting that it would recruit follow- 
ers for herpetology, or for any branch of 
natural history for that matter. 

The result is a great success and it was 
cleverly accomplished. He uses the in- 
imitable style of Ivan Sanderson, making 
the best of the exciting size of overlarge 
crocodiles and snakes and stressing the 
gruesome data of their liking for human 
flesh. He uses keys to an extent suffi- 
cient to acquaint the beginner with their 
use without boring him. The plates are 
clear, well-drawn, and serve as a glos- 
sary. He coins the word ‘‘scansor,’’ 
meaning ‘‘climber” — welcome addi- 
tion to the herpetologist’s vocabulary, 
but his use of “cadaverous” for feeding 
on corpses is too much of an innovation. 
Had he coined “cadaverous” it might 
have passed in lieu of “necrophagus,” 
the word usually employed to express his 
meaning. 


The body of the book first acquaints 
us with how reptiles arrived on these 
isolated specks of land. Some of us may 
not visualize Galapagos tortoises “float- 
ing” from one island to another, but 
like the man who was contradicted when 
he stated that in his country buffaloes 
climbed trees, his challenger had to ad- 
mit that he had never seen one try. 
He makes clear what is meant by the 
word “reptile.” In sequence he takes 
up turtles, crocodiles, lizards and snakes. 
These are treated so that anyone having 
read the book will have a good idea of at 
least what genus he is looking at or 
where to look it up. Among the closing 
chapters he treats of snake bite in such 
a manner as to remove the hysteria and 
inject common sense. Having abated 
the unnecessary fear of poison, he logi- 
cally takes up the beneficial aspect of 
reptiles as destroyers of vermin. 

The title of the book does not include 
Amphibia, but Mr. Loveridge gratui- 
tously inserts an interesting survey of 
that subject so that the reader obtains 
a good idea of the amphibia he may meet 
in the Pacific World. 

Throughout the book he mentions lo- 
calities in which to search for species 
desired by museums. The last chapter 
treats of the methods for collecting, pre- 
serving, and shipping specimens to mu- 
seums. The theme of being able to kill 
and at the same time advance science 
appeals to a G.I. as well as to a big 
game hunter. 

A distribution chart is valuable as a 
preliminary cheek in that it eliminates 
and reduces possibilities for identifica- 
tion. A very good selection of works 
on oriental herpetology published in 
English is appended for those who may 
wish to pursue the study. 

The book closes with what is called an 
“Index to, and a systematic list of, spe- 
cies mentioned.” This is really not an 
83 
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index since it is not alphabetically ar- 
ranged, but a table of contents of chap- 
ters 3 to 9 inclusive inserted at the back 
of the book. It takes the place of an 
index for a person familiar with the 
book. 

A small but unabridged edition was 
published in handbook form for distribu- 
tion to the Armed Services. The Editor 
of the Infantry ^ Journal writes me: 
^'Several hundred thousand of the Pa- 
cific Series have been printed and most 
of these have been distributed to the 
Armed Forces.’’ .Thus Mr. Loveridge’s 
hook probably has had the greatest dis- 
tribution of any book ever written on 
herpetology. 

Chapman Grant 

THE USE OF PSYCHOLOGY AND 
PSYCHIATRY IN WAR 

Psychology for the Armed Services. Edited by 
Edwin G. Boring. 533 pp. Illns. 1945* 
$3.00. The Infantry Journal. Washington, 
D. 0. 

Psychology, like other sciences, has 
many uses in war. That statement ap- 
pears so obvious it should be hardly 
necessary to labor the point. Even a 
superficial survey would reveal plenti- 
ful evidence of psychology’s contribu- 
tion towards the solution of countless 
military problems. Yet, there is great 
need for a well-organized presentation 
of the application of psychological prin- 
ciples to war situations. Necessarily, a 
book attempting to cover the subject 
should address itself to military and 
naval personnel generally, and to leaders 
of men in the armed forces especially. 
For while it is almost self-evident to 
psychologists that the possible ways in 
which the science can be applied are 
numerous, experience in two World 
Wars has shown that military leaders 
are unconvinced or unenlightened in 
that respect. There is therefore a defi- 
nite need for a lucid enumeration and 
thorough discussion of the uses of psy- 
chology in wartime. 


Towards the fulfillment of that need, 
this book was prepared by a Subcom- 
mittee of the National Research Council. 
The members of the Subcommittee and 
the contributors to various sections of 
the book comprise a body of outstanding 
experts in psychology. With few ex- 
ceptions, the text is aptly illustrated. 
Diagrams, tables, and charts are ample 
and well-planned. A select list of refer- 
ences follows each chapter. The result 
is a handy, well-written textbook nicely 
suited to the college level. 

The subjects, for the most part, are 
treated in a practical manner. The 
physiology of the sense organs is sum- 
marized and illustrated. The applica- 
tions to military situations are enumer- 
ated in discussions of night vision, 
camouflage, war gases, ejBficiency, and 
fatigue. Certain topics, on the other 
hand, are handled with kid gloves. It 
seems as though here and there a punch 
is being pulled. This is especially 
noticeable in the treatment of the prob- 
lem of fraternization with enemy peo- 
ples. The discussion sounds very much 
like an Army directive recast in psycho- 
logical terminology. Here one feels that 
psychology has made no real contribu- 
tion but has been content to follow es- 
tablished military policy. Sometimes 
topics are introduced in a roundabout 
and pointlessly involved fashion. For 
example, the subject of leadership is ap- 
proached by a discussion of hypnosis. 
According to the author, the relation- 
ship between hypnotist and subject is an 
extreme leadership relation,” That is 
a highly debatable question. Certainly 
the argument presented for it seems 
forced. At any rate, the leadership 
attributes listed bear little or no rela- 
tionship to what might be the attributes 
of the hypnotist, which in turn will de- 
pend on the theory of hypnotism one 
supports. Despite such occasional 
lapses, we can agree with the prefatory 
claim that this isn’t simply a war book, 
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but a work of broad and continuing 
military usefulness. It should prove of 
value to men in positions of responsi- 
bility and leadership in all the services. 
It can be recommended for use in mili- 
tary or naval academies. Projects of 
this nature are necessary steps in attain- 
ing the goal of a military leadership 
intelligently aware of the most effective 
and appropriate utilizations of psycho- 
logical services. 

Psychiatry in Modern Warfare. Edward A. 

Streeker and Kenneth E. Appel. 88 pp. 

1945. $1.50. The Maciiiillaii Company. 

New York. 

In the first World War, one out of 
every seven battle casualties was neuro- 
psychiatric j in World War II, the pro- 
portion is one out of three, or about 
thirty percent. The increased fre- 
quency, therefore, poses a problem of 
paramount concern to military authori- 
ties, psychiatrists, and educators. Ade- 
quate discussion of the problem necessi- 
tates an examination of the nature of 
warfare in the two World Wars and 
evaluation of the psychological conse- 
quences of warfare. Also necessary, or 
at least desirable, would be a compari- 
son between the two wars as regards the 
organization of military psychiatry, 
diagnostic and therapeutic procedures, 
and the incidence of psychiatric condi- 
tions in each war. The authors have 
combined their intimate knowledge of 
military psychiatric practices to present, 
in this brief treatise, an admirable study 
of psychiatry in the two wars which 
more than meets the minimum require- 
ments for handling satisfactorily a sub- 
ject of such scope. Part I contrasts the 
nature of warfare in World Wars I and 
II and considers the psychological effects 
on combatants and noncombatants. It 
appraises the record of psychiatry in 
each war with reference to organization, 
statistics, etiology, symptomatology, psy- 
chopathology, treatment, prognosis, and 
incidence. The second half of this con- 


cisely written survey discusses the more 
important readjustment problems facing 
the returning veteran. Under the gen- 
eral heading of Demobilization are con- 
sidered such aspects as the need for re- 
adjustment among civilians and veterans 
alike, special difficulties confronting the 
veteran, concrete measures designed to 
help in the process, and an enumeration 
of the suggested improvements in facili- 
ties for veterans. This second part is a 
more popular presentation of the general 
subject. 

Such concentrated treatment of a 
complex subject, as the study accom- 
plishes so well, is bound to skip some 
phases or suggest them only by implica- 
tion. Thus, the authors state, '‘It is 
interesting to speculate as to why con- 
version h^^steria is relatively infrequent 
in World War II as compared with 
World War I, and why anxiety reactions 
have so frequently replaced it.’’ The 
speculations that follow explain the in- 
cidence of anxiety reactions in World 
War II without discussing the greater 
incidence of conversion hysteria in 
World War I. The anxiety reactions 
are ascribed to “increased stimulation, 
alertness, . . . tensio]) of the organism; 

. . . lessened security, increased fear.” 
These are the psychological consequences 
of global warfare. Apparently, there is 
a tendency to ignore the possibility that 
these psychological effects occupied 
parallel roles for the soldiers of World 
Wars I and II. In fact, these factors 
may be psychologically parallel for the 
combatants of all wars. Why, then, 
was conversion hysteria more frequent 
than anxiety reactions in World War I? 
Have diagnostic criteria undergone 
some subtle modifications which might 
account for the difference? These as- 
pects of the problem have not been cov- 
ered. 

However, the positive merits of the 
study are so many, that any final evalua- 
tion must judge it to represent one of 
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the most helpful sources of reference 
pertaining to the record of neuropsy- 
chiatry in the two world wars. Few 
readers will fail to find much of practical 
interest in this handy survey. All, un- 
doubtedly, will gain the impression of 
having been given a rich and compre- 
hensive insight into the problem of 
neuropsychiatric battle casualties. 

Daniel Casner 
Vocational Advisement Unit 
The College op the City op 
New York 

CATALYSTS IN ACTION 

Catalytic Chemistry, Henry William LoLse. 
471 pp. Illus. $8.50. Chemical Publishing 
Co., Inc. Brooklyn. 

Producers of desirable substances 
from the time of the alchemists, who 
sought the philosopher’s stone, to mod- 
ern man’s endeavor to attain artificial 
photosynthesis have continued to search 
for accelerators of production. 

The number of workers in this field of 
research is becoming so great and the 
published results of their achievements 
are so voluminous that it becomes almost 
imperative that from time to time some 
worker in the field pause long enough to 
make a survey of findings and abstract 
them for himself and others. Such a 
service the author of the book under re- 
view has performed. His author index 
of over 1000 names and footnote refer- 
ences in equal or greater numbers testify 
to the magnitude of his labors. 

His program of presentation is in five 
chapters entitled : Brief History, Cataly- 
tic Theory, Nature and Properties of 
Catalysts, Specific Types of Catalytic 
Eeactions, and finally Industrial Cata- 
lytic Reactions. In the second chapter 
he groups the theories under the captions 
of those that have to do with homo- 
geneous and those that have to do with 
heterogeneous reactions. The subdivi- 
sions under the first include: chain re- 
actions, vapor and gas reactions, liquid 
phase reactions, acid-base catalysts, salt, 


and solvent effects, hydrolytic and finally 
intermolecular changes. Under the 
heterogeneous grouping are : phases, ad- 
sorption, desorption, activity, selectivity, 
surface specificity, activation energy, 
heterogeneous chain and wall reactions. 

The nature and properties of catalysts 
are systematically treated for the ele- 
ments and compounds in their relation 
to their classification in the eight groups 
of the Moseley-Mendeleff periodic chart. 

The specific types of catalytic reac- 
tions are listed in chapter four as: 
oxidation, dehydrogenation, cyclization, 
hydrogenation, hydration, hydrolysis, 
dehydration, esterification, halogenation, 
alkylation, isomerization, condensation, 
polymerization, sulfonation, desulfuriza- 
tion, amination, ammonolysis, enzymes 
and organic catalysts. 

Obviously not all catalytic reactions 
of industrial interest can be included in 
a one-volume digest. Those considered 
of major concern, by the author, are : 
the industries of nitrogen fixation; those 
stemming from acetylene derivatives ; in- 
dustry related to carbon oxides and 

water gas,” industrial alcohol, hydro- 
carbon cracking and coal hydrogenation, 
synthetic rubber, processing vegetable 
and animal fats including dehydration 
and hydrolysis of oils and fats. 

Aside from a brief nine-page gesture 
toward enzymes and organic catalysts 
the volume could be considered as ex- 
clusively concerned with inorganic cata- 
lysts. However, a strict reminder should 
be voiced that a major number of the 
present uses of catalysts is in the field 
of organic syntheses. Dr. Lohse might, 
with propriety, have alluded in his 
preface to the growing use of organic 
and enzyme catalysts in the industrial 
field as well as in natural biochemical 
processes. Is it in order to suggest the 
need of a volume devoted to progress in 
that phase of catalysis as a companion 
to the one under review? 

The reviewer is quite convinced that 
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an intere>sted student or investigator 
will not find elsewhere so much, in so 
brief a span, devoted to the field of 
catalysis. It is highly gratifying to find 
an adequate thirty-four page subject in- 
dex as a part of its offering. It is re- 
grettable, however, that so desirable a 
working tool should be kept away from 
the work tables of everyone interested 
in catalysis by a price which is about 
double what it should be. 

B. Clifford Hendricks 
Department of Chemistry and 
Chemical Engineering 
Dniversity of Nebraska 

MAN— HIS SUCCESSES AND 
FAILURES 

Modem Man is Obsolete. Norman Cousins. 59 
pp. 1945. $3.00. The Macmillan Company, 
New York. 

Between Two Wars: The Failure of Fducationj 
1B^0~1940. Porter Sargent. 60S pp. 1945. 
$5.00. Porter Sargent, Boston, Mass. 

A State University Surveys the Kuinanities. 
Edited by Loren G. McKinney, Nicholson B. 
Adams, and Harry K. Russell. 365 pp. 
1945. $4.00. The University of North Caro- 
lina Press, Chapel Hill. 

These three volumes emphasize the 
urgency of adapting designs of social 
living to scientific fact. 

Modern man is obsolete, says Cousins, 
By surrounding and confounding him- 
self with gaps between ^^revolutionary 
technology and evolutionary man, be- 
tween cosmic gadgets and human -wis- 
dom, between intellect and conscience, 
he has made himself an anachronism.” 
To span the gap man must become co- 
operative instead of viciously competi- 
tive, must develop critical intelligence, 
and establish a common world sover- 
eignty expressed through world govern- 
ment. What the world needs, when time 
no longer works for peace, is not another 
conference but a Constitutional Conven- 
tion to organize man's social institutions 
to meet the range and tempo of scientific 
achievements. 

Between Two Wars is a typical ‘*Sar- 


gentesque” manifesto to educators to 
‘‘maintain conscience against the insidu- 
ous conditioning to our atavistic ideas of 
sovereignty.” It is a declaration of 
freedom from “fixed traditional prac- 
tices” which condition each new gen- 
eration to make “good citizens” by blind 
loyalty to those in authority. Sargent 
wants teachers who can “start the pu- 
pils’ internal combustion engine with- 
out the present-day sputtering and back- 
firing.” He wants students to discover 
their own self-starter and “freed from 
the chains dragging from the past, with 
fluid drive, with clearly seen objectives 
ahead,” . . . to “take to the road onward 
and upward.” With the exception of 
the concluding chapter the volume is a 
reprint of Sargent’s annual prefaces in 
The Sa-ndhook of Private Schools. 

One of a series of volumes by divi- 
sional faculties to appraise the condition 
of the University of North Carolina on 
the occasion of its 150th anniversary, A 
State University Siirveys the Humani- 
ties presents essays outlining what some 
professors understand by the leavening 
influence of the humanities in fields 
ranging from history through medicine 
and even journalism. While the chap- 
ters vary in quality as in the case in 
most symposia, the common theme is 
that the humanities are not a group of 
traditionally liberal studies, but “a time- 
less ideal that unifies, inspires, and in- 
vigorates the work of the scientists, 
artists, specialists, professional men, and 
workers, permeating all human activity 
and exalting the dignity of man’s per- 
sonality.” The editors define the hu- 
manistic ideal as ‘'a broad view of man’s 
struggle to place himself in his environ- 
ment,” offering a noble tradition to 
guide him in his development. The vol- 
ume ends with a pedestrian performance 
by Norman Poerster in which he sets 
forth the ‘'Great Plan” for liberal edu- 
cation, based on a sweeping pattern of 
“The Great Curriculum,” “The Great 
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Faculty,” and “The Great Administra- 
tion.” 

Cousins’ volume is a challenge to so- 
cial and political scientists to meet the 
issue set by natural scientists before it 
is too late. The other two volumes leave 
the reader with the wish that the use of 
a dispassionate and objective method of 
scientific inquiry, the courage to accept 
as valid the results of experiment, and 
the submission of logical proposition to 
empirical verification might be more 
widely used in dealing with our prob- 
lems of group living in an age of atomic 
energy. 

Paul P. Douglass 
The American University 

WASHINGTOITj D. C. 

A CRITICAL PERIOD IN AMERICAN 
BOTANY 

Amevican 'botany, 187S—1S9^ : decades of tran- 
sition. Andrew Denny Rodgers III. 340 pp. 
1944. $3.75. Princeton University Press, 

Princeton, N. J. 

This is the fourth of a series of works 
in which the author is presenting, with 
vastly more detail than has ever been 
attempted before, material for a history 
of the development of botany in the 
United States. The volumes have not 
followed one another in the chronologi- 
cal order of their subject matter. The 
first. Nolle fellow: William Starling Sul- 
Iwant (1940), stands somewhat apart 
both in its subject and in the method 
of its development. Sullivant, Amer- 
ica’s first real bryologist and still its 
greatest name in that branch of botany, 
was the author’s ancestor, and the sub- 
stance of the book is nearly as much 
historical and genealogical as botanical. 
There is no mention of botany in the 
first hundred pages, and Sullivant ’s in- 
terests were so nearly confined to mosses 
that the work is rather an account of the 
early development (^ bryology in this 
country than a history of its botany. 

The second, John Torrey: a story of 
North American lotany (1942), is in 


some ways the most successful of the 
author’s four volumes. During the 
period it covers, essentially the years 
from about 1817 to 1873, “botany” in 
America meant taxonomy and floristics 
and little else. For much of that time 
Torrey was the recognized leader of 
North American botanists, in contact 
with practically all the active writers, 
collectors, and explorers, and intimately 
concerned in the elaboration of tlie mate- 
rial brought back by the numerous and 
important Government surveys in the 
western states, so that this account of 
his work gives a fairly comprehensive 
view of the development of botany in 
the United States during the period it 
covers. 

The third volume, J ohn Merle Coulter: 
missionary of science (1944), treats in 
detail of Coulter’s botanical activities 
and teaching during more than half a 
century. Although his significant work 
began on his trips with Hayden’s sur- 
veys in 1872 and 1873, just at the time 
Torrey ’s was closing, the field soon be- 
came so much broader and the number 
of botanists so much greater that the 
picture of botanical work with Coulter 
as a center here presented lacks the com- 
parative completeness of the volume on 
Torrey. 

The fourth of the series, American 
lotany, 1873-1892: decades of transition 
(1944), naturally revolves about Asa 
Gray, with the paleobotanist Leo Les- 
quereux as the next most important 
figure, and Engelmann and Parry not 
far behind. Practically all the promi- 
nent and most of the minor botanists of 
the time are mentioned in its pages. Of 
its 14 chapters, 6 are concerned mostly 
with botanical expeditions and field work 
performed by many botanists ; 1 with the 
establishment of botanical and agricul- 
tural laboratories and stations; 1 with 
paleobotany; 1 with a survey of Gray’s 
work in fields other than taxonomy; 1 
with the Gray-Greene controversy; and 
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4 are decidedly miscellaneous in char- 
acter. 

The book begins with an estimate of 
Gray's position in American botany 
after the death of Torrey, mention of 
many of the active workers of that date, 
and a discussion of Gray's activities or 
interests in such fields as evolution, 
heredity, insectivorous and climbing 
plants, and so on. The second, third, 
fourth, fifth, sixth, and twelfth chapters 
deal with the work of Government sur- 
veys and private collectors, particularly 
in the western states, but also in the 
southern United States, Canada, Mexico, 
and Central and South America. Les- 
quereux. Coulter, Eothrock, Parry, 
Greene, Palmer, Pringle, Brewer, Lem- 
mon, the Parishes, Jones, Gattinger, Gar- 
ber, Chapman, Curtiss, Mohr, Fendler, 
and Rusby are among the botanists men- 
tioned, with copious extracts from let- 
ters. A long chapter, almost the only 
unified one in the book, is assigned to 
Lesquereux’s investigations in fossil 
botany. The transition in the teaching 
of botany from the older purely taxo- 
nomic study to the wider curriculum 
inspired by European textbooks and 
graduate studies — a change in which 
Rothrock, Bessey, Beals, Parlow, and 
Goodale, only the last two of whom had 
European training, were especially con- 
cerned — is described in the tenth chap- 
ter, along with the establishment of 
experiment stations and the work of L. 
H. Bailey in scientific horticulture. A 
rather short but interesting chapter, 
with hitherto unpublished extracts from 
letters that passed between the three 
men, is devoted to Greene's controversy 
with Gray and Sereno Watson. 

The index, which occupies 18 pages, 
seems very complete as to persons, locali- 
ties, and institutions, although not so as 
to titles of publications cited in the text. 
A large amount of previously unpub- 
lished material from letters is incorpor- 
ated in this as in the author's previous 


volumes. All of them would have been 
improved by competent editing. 

Mr. Rodgers' four volumes are notable 
contributions of material for the history 
of North American botany that still re- 
mains to be written. In themselves they 
are too unsystematically arranged, too 
full of unessential detail, too lacking in 
trained botanical perspective, to qualify 
for this title. But until that history is 
written, they are likely to remain the 
outstanding source of information for it. 

S. P. Blake 

BtTEEAxr or Plant Industry, Soils and 
Agricultural Engineering 
Beltsville, Md. 

FREEDOM OF RESEARCH 

Science and the Planned State, Dr. John B. 

Baker. London. George Allen So Unwin Ltd. 

1945. pp. 120. 7/6 net. 

Professor Baker's book is perhaps 
even more important now than when it 
was written, for a couple of atomic 
bombs have been dropped on Japan, and 
the vernacular press, supplied with press 
releases by the politicians, is representing 
the development of the bomb as if it 
w^ere the main line of progress and legiti- 
mate offspring in the field of radioactiv- 
ity or nuclear physics, instead of a gro- 
tesque and disgusting aberration and 
abortion. This supreme manifestation 
of malevolence, the atomic bomb, has 
confirmed the ill-informed public in its 
appraisal of the scientist so long pre- 
sented to them by the comic strip and 
dime dreadful. The scientist is essen- 
tially a fiend, who studies science, not 
for its own intrinsic interest, but solely 
for the purpose of acquiring control over 
men. According to the comics, the chief 
interest of the scientist is the destruction 
of the human race, and devising tortures 
for it. Professor Baker believes the man 
in the street is friendly to science and 
scientists. ‘'The scientist is likely to be 
able to influence the mass of humanity 
more easily than the philosopher or the 
historian, because people tend to suspect 
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philosophy and ignore history, while 
trusting and respecting science'' (p. 99). 
This optimistic appraisal of the popular 
attitude towards scientists was surely a 
very inaccurate judgment before Hiro- 
shima, and is even more inaccurate today. 

The politicians are playing up another 
angle: ^‘Look," they say, what a band 
of regimented scientists can do, when 
diverted from their frivolous pastimes 
of using radioactivity to date the strata 
of the earth, to modify chromosomes, to 
alleviate cancer, or make the faces of 
clocks shine by night. All we have to 
do is to provide a few billion dollars of 
taxpayers' money, pen the scientists up, 
and the loveliest bombs materialize. 
This shows that scientists ought to be 
under the control of politicians, because 
otherwise bombs might not be forthcom- 
ing, or, worse yet, the scientists might 
produce bombs not at the disposal of 
the political authorities." Arguments 
on these lines, to frighten the people into 
clamping vicious controls upon scien- 
tists, are now more insistent than when 
Professor Baker’s book was written. 

His book should be widely read, though 
the reviewer cannot concede that it 
is a very successful piece of writing. 
Although the subject matter is suffi- 
ciently clear that it should make pos- 
sible a single forceful volume, it has not 
done so in Professor Baker’s hands. The 
start is auspicious. The first three chap- 
ters go well. Here Baker is appraising 
accurately and understandingly the atti- 
tude of a true scientist toward the study 
of nature. The remaining two chapters 
must frankly be regarded as a detraction 
from the first three, and as leaving the 
reader with a feeling of uneasiness, not 
at the man-eaters to which Baker is point- 
ing, but as to the ability of Baker to 
line up his gun with his target. 

Chapter IV, ‘‘Science under Totali- 
tarianism," is in large measure a denun- 
ciation of Russian control of its scien- 
tists- Much as most of us detest the 


whole Russian philosophy, and willingly 
though we might applaud a clear analy- 
sis of it, and of its effects, we feel that 
the author has not been too successful. 
Perhaps his personal knowledge in this 
field is not so good as in the field of his 
first three chapters; perhaps, however, 
it is that no man is emotionally equipped 
to sing a Schubert love-song and follow 
it immediately and convincingly with the 
German “Hymn of Hate." Or is it 
fair to expect a single author to write 
both the fourteenth chapter of St. John 
and a Catiline oration? And if he tries, 
is it fair to the reader to expect him to 
read them one after the other? And 
though Lenin be, as many of us think, 
as much a traitor as Catiline, and totali- 
tarianism in Russia, as in Germany and 
Italy, a barbarous and vicious thing, yet 
Baker lacks the fire of Cicero and the 
analytical subtlety of Mark Antony, and 
the result is inadequate. 

If the fourth chapter is unsatisfactory, 
the fifth and last is still more so. Herb 
we have a potpourri of ideas, concerned 
indeed with the general subject matter 
of the ethics and social duties of the 
scientist, but having little to do witli the 
Planned State as such. The reader feels 
the treatise petering out as he reads on : 
he wonders whether the chapter is put 
in to pack the covers of the book apart, 
and the good effect of the first three 
chapters, and the modest effect of the 
fourth, is largely dissipated. 

Professor Baker could have written 
half a dozen valuable essays, and pub- 
lished them, in the periodicals. Instead 
he has produced a rather rambling dis- 
course, which is neither homogeneous 
nor frankly divided into separate items. 
The main subject matter, however, is so 
important, and the writings on the sub- 
ject so few, that the reviewer must com- 
mend the author’s efforts, and urge a 
reading of the book upon all who are 
interested in the future of science. 

P. W, Preston 



VALEDICTION 

THEODORE HENRY PRISON 


One day in the late summer of 1944 
a charming and distinguished visitor 
came to the Brownstone Tower — Ted 
Prison, Chief of the Illinois State Nat- 
ural History Survey Division. Although 
he had nothing pending with the SM and 
had many things to do elsewhere, he 
came to the Tower just to pay a friendly 
visit, for I had known Dr. Prison ever 
since the summer of 1922 when we 
worked at the Japanese Beetle Labora- 
tory, then at Riverton, N. J. What a 
pleasure it was to see him ! He always 
seemed youthful in appearance and spir- 
its. Only his vanishing hair and his 
mirthful crow's-feet indicated that he 
had attained the' age of responsibility. 
He -was never thin but always slim and 
fit. In conversation he would lean for- 
ward and talk with enthusiasm about 
whatever projects were on his mind. 
And chuckles never failed to emerge as 
he told of his plans for the State Natural 
History Survey. It seemed incredible 
that one so young could hold such an im- 
portant position. And yet he was pri- 
marily responsible for the growth of the 
Survey in physical facilities, personnel, 
and accomplishments which made it out- 
standing and unique. 

At the time of Dr. Prison’s last visit 
to the Tower he was beginning to suffer 
from the pain that incapacitated him 
during 1945 and resulted in his untimely 
death on December 9. One of his old 
friends, Dr. Alvah Peterson, wrote to me 
as follows: “Ted’s death came as a dis- 
tinct shock. He put up a wonderful 
fight but finally lost. I think of Ted as 
a close friend. He was a senior in the 
Champaign High School when I started 
my graduate work at Illinois. We 
played many games of tennis together 
and I learned to like him very much. ’ ’ 


That a graduate student in entomology 
should have become acquainted with a 
high school senior is most unusual and 
calls for explanation. Dr. Prison was 
born in Champaign, 111., on January 17, 
1895. His family happened to live near 
the late J. W. Polsom, who was Professor 
of Entomology at the University of Illi- 
nois. Dr. Polsom noticed and encour- 
aged the interest of his young neighbor 
in insects and introduced him to Stephen 
Alfred Porbes, who was then Head of the 
Department of Entomology at the Uni- 
versity, State Entomologist, and Chief 
of the State Laboratory of Natural His- 
tory. Impressed with his sincere en- 
thusiasm, Porbes and Polsom allowed 
him to audit University courses in ento- 
mology before he graduated from high 
school. It was of course while taking 
this advanced work that he met Dr. 
Peterson. 

Upon graduation from high school, 
Prison entered the University of Illinois, 
but his work was interrupted in his 
senior year when, in April 1918, he was 
commissioned a second lieutenant of in- 
fantry. At the end of 1918 he returned 
to the University, where he received his 
master’s degree in 1920 and his doctorate 
in 1923. While at the University he 
played the violin in campus orchestras. 

The State Natural History Survey was 
organized in 1917 with Porbes as Chief. 
In 1923 Dr. Prison joined it as System- 
atic Entomologist. Upon Porbes’ death 
in 1930, Prison became acting head of the 
Survey and on July 1, 1931, he was 
named Chief. By this time he had made 
his reputation as a student of bumble- 
bees. Later he specialized on stoneflies, 
despite his administrative work on the 
Survey, which took him outside of ento- 
mology and into all phases of the biolog- 
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ical resources of the state and their con- 
servation. To me, who early succumbed 
to paper work under burdens far lighter 
than those carried by Dr. Prison, it seems 
marvelous that he never ceased to make 
his own contributions to the natural his- 
tory, identification, and classification of 
insects. He not only had to obtain ap- 
propriations for the work of the Survey 
and guide the work, but he had to plan 
the new Natural Resources Building in 
which the Survey is now housed. And 
with what enthusiasm he developed his 
plans and how proud he was of the com- 
pleted structure ! Under his administra- 
tion his staff increased from sixteen in 
1930 to thirty-eight in 1941. 

Dr. Prison never forgot his fellow- 
entomologists and was always perform- 
ing some service for them. By 1935 the 
J ournal of Economic Entomology was in 
need of modernization. Dr. Prison un- 
dertook the editorship with the help of 
the Survey Editor, James S. Ayars. He 
changed the format of the Journal and 
working closely with a publication com- 
mittee, of wdiich I was a member, made 
the J ournal a first-class technical period- 
ical. How he found time to do it is still 
a mystery. He gave up the editorship in 
1939. Had he lived, he would undoubt- 
edly have become president of both na- 
tional entomological societies, which he 


had already served as vice-president. He 
was, of course, a member of many socie- 
ties and committees that had to do with 
the widespread activities of the Survey. 
The first meeting of the Midwest Wild- 
life Conference, held in Urbana in 1935, 
was largely the result of Dr. Prison’s 
insistence on more and better wildlife 
research. 

Dr. Prison was married to Ruby G. 
Dukes of St. Joseph, 111., in 1919. Their 
son, Theodore Henry, Jr., who was born 
in 1924, has recently returned from Ger- 
many, where he served with the 99th In- 
fantry Division. He was among the first 
ground troops to enter Germany and 
spent several months in a hospital as a 
result of injuries received during a win- 
ter campaign. The Prison’s daughter, 
Patricia Ann, born in 1929, is a junior at 
Urbana High School. Dr. Prison spent 
many of his vacations driving with his 
family through the United States and 
Canada and was always on the alert to 
collect stoneflies, the nymphs of which 
are found in swift-running streams. 

And now Dr. Prison has gone. He has 
done much for his fellowmen, but I think 
nothing he accomplished as a scientist 
and administrator will be remembered 
longer by those who knew him than the 
impact of his cheerful personality. 

P. L. Campbell 
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The Limitation of Creative Years 

I read with much interest the article by Or. 
Lehman [SM, August 1945] and the extensive 
compilations upon which his conclusions are 
based. 

It would seem that this work might have been 
still more valuable if an additional factor had 
been considered. 

As a man advances and attains recognition 
in the intellectual fields, he is usually imposed 
upon by an increasing load of administrative, 
social, financial, or other noncreative duties. 
These will sharply reduce the time he is able 
to devote to his creative work. 

In the case of the industrial scientist, it is 
well known that the man who has made his 
mark at the age of a few and thirty will 
usually be promoted’^ to functions in which 
he no longer has the opportunity to devote 
himself principally and exclusively to personal 
creative work. The same holds true in large 
sections of academic work. 

Therefore, the curves showing absolute per- 
formance in relation to the age factor are in 
reality composite curves between performance 
curves and a curve showing the decreasing 
amount of time which the scientist is permitted 
or able to devote to creative functions. In the 
accompanying graph is shown the percentage 
of creative working time, obtained by inter- 
views with only a small number of successful 
chemists within the writer ’s acquaintance. 
While obviously the possible limit of error is 
large, there is no question that a large decrease 
in the time free for creative work generally 
occurs at or somewhat before the age indicated 
as the top creative age in Dr. Lehmanns study. 
The curve for output in chemistry has been 
copied from Dr. Lehmanns Pig. 9. 

This would appear to indicate that the de- 
crease in absolute results is due not to a sharp 
decline in creative capacity, but to a decline 
in the actual daily working hours freely avail- 
able for undisturbed pursuit of creative tasks. 

Accordingly, it is misleading to conclude, for 
example, that a man has reached his peak 
capacity at 28, because at that age he turns 
out his most valuable result. 

If Ms result at a certain age is rated 100 
and is attained with an average working time 


of 10 hours per day this obviously would indi- 
cate a lesser producing capacity than if a result 
rated 50 were turned out in only 4 hours per 
day, the remaining 6 hours being devoted to 
equally strenuous but noncreative duties such 
as administration, teaching, representation, etc. 
Yet this is exactly the position encountered by 
most successful men in the seientifie professions, 
as they attain wider recognition with progress 
in time. 

If the true ability of output or creative 
ability is to be computed for any age, it is 
therefore submitted that the absolute valne of 
this output is not sufficient but that the output 
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Solid line, age versus output m chemistry 
(LEHMAN’S riG. 9). Brohen line, age versus 

PERCENT OP TIME AVAILABLE FOR CREATIVE WORK. 

divided by the number of hours free for such 
use is much the truer indication and that 
neglect of this time factor will very signifi- 
cantly lead astray in any inferences drawn. 

In conclusion, the suggestion might be offered 
that the sharp decline at the age of about 30 
is a result of the fundamental characteristic of 
human organisms of indiscriminately loading 
all types of work on those who possess ability 
to carry it without regard for the desirability 
of reserving peak capacities exclusively for 
truly creative work. If this tendency could be 
checked, certainly results of the utmost impor- 
tance to Homo sapiens would ensue. — Johan 
Bjorksten. 
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Dust-devils? 

I learn from the September SM that con- 
troversy about the Carolina bays is not yet 
stilled, and that a new hypothesis is promised 
[see Major Grant ^s hypothesis, December SM], 
In that case may I submit some fresh informa- 
tion that seems to bear upon the problem? 

As land-forms the Carolina bays are not 
unique. Very similar characters are apparent 
in some of the South African salt pans. I have 
visited some of these pans, but I am no geomor- 
phologist, so their shape failed to impress me 
at the time and the observations I now offer 
are mostly second-hand. 

The Grootpan, or great salt pan, at Zwart- 
kops, near Port Elizabeth, is an almost perfect 
oval, about 1500 yards long and 1000 yards 
wide. It lies on a sandy coastal plain, and it 
is surrounded by a sandy rampart 30 to 50 
feet high which is covered with scrub. The 
almost flat floor of the pan carries a shallow 
lake of brine, surrounded by a wide crust of 
salt. No adequate topographic map of the 
coastal plain has been made, but it is likely 
that aerial photographs are now available. 
There are many other pans in the neighborhood, 
but their shape has not been recorded. I think 
I am right in saying that the Carolina bays 
were almost unnoticed until aerial photographs 
drew attention to them. There are thousands 
of large and small salt pans in South Africa, 
many on the coastal plain, and many more in 
the dry interior. I know that many of them 
are quite irregular in shape, but some of the 
pans in the Kalahari are ^'circular or oval.'^ 
The following, tantalizingly brief descriptions 
are taken from P. C. CornelPs book. The 
Glamour of FrosyecHng (New York, Stokes 
& Co., 1920) : 

p. 251 — The pan ‘^was about a mile in width, 
almost a perfect circle in shape. ^ ^ 
p. 260 — Though the majority of the dunes 
trend between WNW and ESE, this 
uniformity is broken in the vicinity of 
the numerous pans, around which the 
dunes are often formed in concentric 
rizigs. ’ ^ 

p. 261 — ^^Many of the circular or oval pans 
are surrounded and protected by dunes 
of well over 100 feet in height, as with 
a wall.^^ The dunes are exceptionally 
high on the south side. 

p. 262 — ^'The big pan Kobo-Kobo ... is one 
■ ‘ of the most perfect pans in the desert, 


as true a circle as though drawn by a 
compass, surrounded by extremely high 
dunes, and with a perfectly level, 
spongy alkaline floor. 

p. 266-267 — ‘^The pan is about 2 miles wide 
by 5 miles long. ... Its perfectly 
level floor of light blue shale [is] sur- 
rounded by hills of reddish sand,^’ 
Tall dust- devils play always over the 
floor. 

The photographs on pp. 242 and 254 of Cor- 
nelPs book illustrate these brief descriptions. 

It seems to me that the fundamental factors 
in any explanation of the Carolina bays or the 
South African salt pans are: (1) a region of 
wind-blown sand such as a recently formed 
coastal plain j (2) either salt sxorings or else 
shallow depressions where salt water lies close 
to the surface, and consequently there is (or 
was formerly) no vegetation to bind the sand 
together; (3) the occurrence of ^ ^ dust- devils, ^ ’ 
or whirlwinds, which waltz around on the hot, 
bare surface in the dry season, drawing sand 
and dust up into the air, to fall again outside 
the cyclonic area. 

By this means a low rampart of sand may 
accumulate around the pan, and because of its 
higher elevation it will in time have its salt 
content leached out by rain water. Plants will 
then take root in the rampart and flx it in 
place (the Salt Pan condition) ; and if the 
rainfall is sufficient the floor of the depression 
may eventually be washed free from salt, and 
vegetation will spread all over it (the Caro- 
lina Bays condition). 

I realize that this does not explain every- 
thing, but I think you will agree that there is 
a remarkable parallelism between the South 
African salt pans and the Carolina bays. — S. 
James Shand. 

The Social Significance of Jewish- Christian 
Intermarriage 

Intermarriage is not only a means to bring 
about the blood mixture of the two racial-confes- 
sional groups and thus to further a biological 
assimilation, i.e., a gradual fusion of the one 
group into the other; the social importance for 
both parts is much farther reaching. It con- 
sists flrst of all in the fact that in a great part 
of mixed marriages the respective relatives of 
the marriage partners come into close contact. 
The anti-Semitic attitude of the governmental 
circles in Hitler's Germany would never have 
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been criticized at all if through intermarriage 
many parts of the Christian population had 
not also been affected. Thus not only the J ews, 
those by faith and those who had been baptized, 
but many Christian families received an im- 
mediate idea of the barbarism of this new 
racial and pseudoscientific doctrine. People 
who had lived with one another in great har- 
mony were torn apart; family ties that had 
long existed had to be forcefully severed. This 
makes evident the great importance of inter- 
marriage on the social side, a psychological and 
sociological importance which cannot be es- 
teemed high enough for the future solution of 
the problem. 

In this way, contact was established between 
parts of the population which previously had 
been, if not hostile, at least strange to one 
another. Often true friendship arose in these 
circles which withstood even Hitler ^s reign of 
terror. On the whole, the mixed marriage has 
been the best means to bring the two groups 
together socially, to draw the Jewish minority 
out of the intellectual ghetto, in which they 
voluntarily still frequently live; and further- 
more to convince the Christian majority that 
the Jews, whose Holy Writ they have com- 
pletely taken over into their new edition of the 
Bible, are as contemporary human beings not 
very different in beliefs and sentiments from 
themselves. They have only held on to their 
older faith and thus bred certain racial char- 
acteristics.^^ The real existing differences can 
be easily explained biologically through in- 
breeding and selection resulting from the fan- 
atic persecutions over many centuries and so- 
ciologically from the fate of the remaining 
J ews in a strange, often hostile environment. 

Thus it is the most important task and almost 
a social mission of the mixed marriage to bring 
the two population groups together on an equal 
basis and fuse them also in a spiritual union. 
The same function is fulfilled by true friendship 
among J ews and Christians, for which there are 
many historical and personal examples; the 
same function is fulfilled by the common intel- 
lectual and social participation in all branches 
of modern culture, in art and science, in busi- 
ness and trade. No social ties, however, can 
cause such intensive approach as intermar- 
riage with its bonds of blood through the off- 
spring and the close social relations which 
derive from it. 

To be sure, just in recent years there have 


been some severe objections to assiaulution 
from the Jewish side. The events in Germany 
and especially the racial hatred against the 
Jews have, according to those arguments, fur- 
nished the best and most impressive demonstra,- 
tion that assimilation is impossible, because it 
is un desired. Even the new German idea of 
isolation and racial superiority will not bo able, 
after the total defeat of the Nazi rule, to resist 
the forces of biological assimilation and socio- 
logical raj)pi‘oehement. However, one would 
have to discuss this important point in a special 
chapter on the fundaments of Jewish national- 
ism and German anti-Semitism, which certainly 
is not a new invention. (It was as violent 
already in the mob assaults in Alexandria at 
the time of the Greek- Jewish philosopher 
Pliilo.) Just now that much may be said: 
Whoever joins in these arguments represents, 
too, the German racial idea of Blut iind Boden 
(blood and soil), or the pseudoreligion of the 
race on the Jewish side. There are enoxigh 
analogies in the Jewish religious legislation of 
pre-Christian time, which is frequently cited 
by Aryan race mythologists for this purpose. 
Yet it is totally overlooked, for lack of histori- 
eal knowledge or for other reasons, that a large 
majority of the Jewish people has been assimi- 
lated in the course of the centuries and luis thus 
proved its desire and capability of being assimi- 
lated. 

It has been computed by trusth worthy 3*c- 
search workers that since the beginning of the 
Christian Era from two-thirds to three-fourths 
of the original Jewish stock has disappeared; 
in all probability for the larger part through 
merging within the surrounding peoples (Be- 
loeh, Euppin, Fishherg, Wellisch, etc.). In- 
stead of 15 or 16 millions of Jews there would 
be at least 50 or 60 millions in the present 
world if they had increased at the same rate 
as the other nations. Only a relatively small 
part has been biologically destroyed; i.o., i>i'c- 
vented from further biological reproduction. 

A simple consideration will make this ten- 
dency obvious without going into details of the 
calculation. The census taking place under 
the Emperor Augustus counted or estimated 54 
million people in the Eoman Empire, of them 
4| millions were Jews in the different parts 
of the Boman world (Julius Beloch). If we 
follow the well-known Jewish demographer 
Arthur Euppin and add further 20 million 
white Caucasians outside the then boundaries 
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of the Roman Empire, including i million 
Jews, we arrive at 5 million Jews among 74 
million people. That is, a proportion of almost 
7 percent. At the present time, counting not 
the entire world population of more than 2,100 
millions but only the population of European 
descent which may vary between 900 and 1,000 
millions, the round 15 millions of confessional 
Jews in the different parts of this civilization 
before the onslaught of Hitlerism represent a 
share of 1.5 to 1.7 percent only. From this 
simple consideration it follows that the largest 
part of the original Jewish people has been bio- 
logically assimilated. 

AU such calculations are necessarily based 
on estimates,* but the tendency of a much 
slower increase of the Jews since the Christian 
Era is, beyond doubt, correct, although natu- 
rally the absolute number of the Jews, too, is 
larger today than at the time of Christ. This 
obvious tendency of a biological fusion would 
prove larger yet if pre-Christian history, espe- 
cially the absorption of the Ten Tribes of 
Israel by the Assyrian mixture of peoples, were 
included in the calculation. That the Jewish 
racial mixture, consequently, is no foreign one 
among other Caucasian peoples should have be- 
come plain. Extant differences can be ration- 
ally explained through inbreeding and selection 
like similar differences between other national 
and ethnic groups. 

However, some irrational or less visible ob- 
stacles will still have to be removed in a con- 
flict of religious doctrines and traditions before 
a complete solution is feasible. Intermarriage 
or biological fusion is only one step, though 
indeed a radical one, demanding the courage for 
genuine assimilation, a courage no less than 
that of persisting in the dogmatic ritual and 
marital laws of ancient legislation. These laws 
were renewed and intensified by the priests 
Ezra and Neheniiah (around 500 B.O.), after 
the return of the remainder of the Jewish 
people from the Babylonian ExUe, through 
austere measures, forbidding and dissolving 
all mixed marriages. At that time such mea- 
sures were justified or essential for the preser- 
vation of Jewish monotheism. In this respect 
we may quote the historian Josef Kastein who 
says in his new history of the Jewish people 
(History and, Destiny of the Jews, p. 76) : 

'^Ezra^s measure was undoubtedly reaction- 
ary. It raised to the dignity of law an enact- 
ment which at that time was not included in 


the Thorah and could be justified only in the 
circumstances then in existence. The preserva- 
tion of the race and of their religion alike indi- 
cated its necessity, while it also proved that 
those responsible for it recognized that the 
Jews might be possessed of particular qualities. 

. . . The Jews were engaged in an attempt to 
realize an extremely lofty ideology in their life 
as a community, an attempt which was on the 
verge of ending in failure. If failure were 
possible even in the case of a community which 
was the outcome of selection, how much greater 
must not the danger have been where foreign 
elements, alien both in race and culture, had 
been admitted. Thus Ezra was fully justified 
in deliberately and methodically applying the 
principle of isolation as an educative means. 

Almost 2,500 years have passed since. The 
Jews are no longer the only representatives of 
the monotheistic idea of God. Monotheism, 
even though not in the exclusive form of the 
Jewish national religion, is today shared by 
around 750 million Christians and 250 million 
Mohammedans. The ethical ideas of the Jews 
have to a far-reaching extent been taken over 
by the daughter-religions. Therefore, at the 
present time the religious seclusion and the 
biological inbreeding are no longer justified 
even as iDiinciples preserving the monotheistic 
idea of God. Rather, social and spiritual fusion 
has to be added to the biological one. Only 
this presents an actual reconciliation and re- 
union of the Old and the New Faith, in order 
to liberate the Jewish people from its spiritual 
ghetto, or from its ^'chimeric existence among 
other peoples as it was formulated a century 
ago by the Hegelian and religious philosopher 
Bruno Bauer. The same meaning is in the in- 
spired words by the distinguished Jewish 
scholar Morris Jastrow, Jr., in, his treatise 
about Zionism and the future of Palestine, pub- 
lished after the end of the first World War: 
^'I would like to envisage a Palestine that may 
become a beacon-light for the world, that may 
again become a spiritual focus, furnishing 
further inspiration for mankind as it proceeds 
in its march through the ages to a still higher, 
albeit unknown and unknowable, goal.^^ 

Such a religious reconciliation with its bio- 
logical and social consequences would certainly 
be a more permanent and more perfect solution 
than a new national state in Palestine or else- 
where such as the Zionists are longing for. 
^‘A Jewish State, Jastrow concluded his ex- 
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position, would simply mean a glorified 
glietto, narrow in its outlook, undemocratic in 
its organization, and tliat may well turn out 
to be reactionary in its tendencies. ’ ' A move- 
ment for a homestead of the brutally persecuted 
Jews in the present world upheaval is quite 
different from a new Jewish theocracy in Pales- 
tine. Such a movement is an urgent necessity ; 
yet it must not aim at a new Jewish national- 
ism and a new religious seclusion. Nationalism 
has always and everywhere narrowed the mind. 
A permanent solution can only be founded on 
the basis of- an international Covenant of 
Nations- 

Such a World Organization, however, should 
be inspired by a superseding religious idea 
rather than by the political idea of the old 
League of Nations. This would mean the true 
religion of brotherhood in the Biblical sense, 
and its symbolic seat could well be the Holy 
Land : the ancient home of the J ews, the cradle 
of Christianity, and the present possession of 
the Islamic world. That is the realistic mean- 
ing of reconciliation of the Paiths and the 
Nations on this shrunken earth. Towards such 
reconciliation a greater religious idea must 
take the lead, in our age of mass destruction, 
if there is to be a future of mankind. — George 
WOLPP. 

“Beach Cusps'^ or Beach Grooves: their 
Genesis 

Dr. O. P. Evans presented an interesting 
article in the October SM, Scientific Beach- 
combing,'^ describing the formation of beach 
cusps.'' A greatly simplified version of his 
definition of these cusps is that they are tem- 
porary points of sand extending into the water 
and occurring in series. 

I cannot see that it is the cusps that are 
formed. Cusps appear to me to be what re- 
mains after a special wave action erodes a 
series of grooves, leaving the intervening points 
of the beach intact. 

Lr. Evans writes: ^^It wms an old problem, 
this question of how beach cusps are formed, 
and had been the subject of discussion, study, 
and experiment by geologists and other nature 
students for more than a century. Many 
articles had been written and many theories 
advanced, by both laymen and scientists, yet 
the answer seemed as far away as ever." In 
a footnote he refers to his article in the Journal 
of Geology (1938, pp. 615-627). In this he 


states that W. D. Johnson, in Shoro 
and Shoreline Development, (John Wiley & 
Son, N. Y. 1919, pp. 457-486) has summarized 
the literature on the subject and found no 
acceptaljle solution. Lr. Evans classified cusps 
in five categories, but the first four cover ex- 
ceptional cases, not referring to the ifiienome- 
non discussed here. It is evident that investi- 
gators have satisfied themselves by studying the 
beaches and not the waves. 

Lr. Evans describes what ho considers to be 
the discovery of the process which forms the 
cusps. He noted a small sand ridge that had 
been built up during the previous hours; next 
he noted that a “neiv hrocsse^’ was moving in 
from the lake and the waves were just reaching 
the shore. The swash and backwash of these 
new waves broke the sand ridge. lie states 
that succeeding waves made the spacing of 
the breaks more even, but he gives no reason 
why they should become more even. He goes 
on to say that the formation is due to the 
[unexplained] ability of the waves to break the 
ridge into segments. He comes to the crux of 
the whole problem when he says : ‘ ‘ This [break- 
ing into segments] they can do because of the 
slight inequalities in the height of the wave 
The italics are mine. Ho does not 
explain the origin of the slight inequality or 
why these inequalities should be evenly spaced 
or strike at the saxno point on the beach. The 
only piece of the jigsaw puzzle that he lacked 
was apparently the most important one, 
namely: how the waves came to have high 
points and why succeeding high points hit the 
shore at the same spots. 

I have spent literally hundreds of hours on 
the how of Army transports, passenger steam- 
ers, and sailing vessels studying marine life 
and wave formations. One interesting phe- 
nomenon which has always interested me is the 
coexistence of several systems of waves. One 
may see a heavy ground swell traveling in one 
direction, a smaller system of waves traveling 
merrily in another direction, and occasionally a 
third system of ripples caused by the local 
breeze traveling in a third direction. When 
two systems are traveling at an angle I have 
noted that there is an increased volume of 
water where the crests cross and hence greater 
striking power. We may call this point a 
^ ‘ node. ' ' 

Let us follow these crisscross waves to the 
beach. This can he done easily by a diagram 
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(see the accompanying drawing). Let ns draw 
a series of heavy parallel lines on a piece of 
paper and another series of lines on a piece 
of tracing paper which we will place over the 
first piece. By slight rotation we can cause 
our wave series to cross at any desired angle. 
Next we place the ruler on the edge of the 
paper to represent the beach line. For sim- 
plicity it should be parallel to the heavier sys- 
tem of waves. At each point where the oblique 
lines cross the beach line a node has hit the 
beach. Thus it can be seen that the width or 
spacing of the beach grooves is not only in- 
fluenced by the size of the waves but also by 
the amplitude of divergence of the oblique 
component — the greater the obliquity, the 
greater the width of the groove spacing. If 
the main component reaches the beach parallel 
thereto we have the nodes hitting fairly close 
together — or at a distance equal to the inter- 
nodal distance measured along the crest of the 
component moving parallel or nearly parallel 
to the shore. 

It must be noted that the three factors — 
size, direction, and speed of the waves of the 
two components — may cause a great number of 
combinations of which only a few are suitable 
to the formation of beach grooves. A beach 
remains about static from year to year, so the 
forces of erosion and deposition balance in the 
long run. A node is only a momentary fact — 
the instant that the oblique crest rides past the 
parallel component the node no longer exists, 
but another comes into being when the oblique 
motion again crosses the parallel motion. The 
nodes form in lines which bisect the angle 
made by the components. If these lines are 
not straight, grooves cannot form. All parts 
of each component strike the beach, but it is 
only when and where a node strikes that the 
additional force is exerted that starts the ero- 
sion of a groove. For the sake of simplicity we 
must assume that our waves are traveling at 
just the right speed to intersect at the beach 
as shown in our diagram. It is obvious that 
one set of waves may have farther to travel 
than the other and hence must move faster. In 
nature it is seldom that the right timing exists 
for the formation of grooves. The oblique 
component may be invisible from the beach 
and it need not be large to be effective. 

Dr. Evans states that he has measured cusp 
series some of which had a spacing of over 20 
feet. The photograph accompanying his article 



shows the spacing to be about 60 feet by 
comparison with automobiles shown on the 
highway skirting the beach. These grooves 
show that many cubic yards of sand were 
shifted below sea level to effect their comple- 
tion. Sixty feet is just about what one would 
expect in the ease of a mild Pacific Coast surf 
— the photo was taken near Santa Barbara. 

Dr. Evans gives figures to show that there 
was considerable variation in spacing of the 
cusps in the cases which he studied — up to 147 
percent. If it is a fact that there is variation 
on a straight beach my theory is inadequate and 
probably any other theory covering repeated 
heavier waves striking repeatedly in the same 
spots would also be inadequate. Neither Dr. 
Evan’s photograph nor his diagrams show 
any such variations he mentions in his text. — 
Ghapman Geant. 

Belated Acknowledgment 

It has been brought to my attention that I 
did not point out the contribution of Anglo- 
Canadian institutions to French Canada. 
['^Science in French Canada,” September 
and October 1944 issues of The Scientipio 
Monthly.] Maybe I should have insisted on 
the training many French Canadians received 
in the past, and still do, in engineering, medi- 
cine, and agriculture at McGill University and 
Macdonald College. The latter, under a spe- 
cial research grant from the Government of 
the Province of Quebec, has been especially 
active in plant breeding and seed-growing, and 
the population of this Province as a whole has 
benefited greatly thereby. — Pierre Danseeeau. 
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THE BROWNSTOHE TOWER 

In the issue ' for 
September 1944, 
pa^e 243, we pub- 
lished a letter from 
Peter Hidnert, 
which I entitled 
^^The Ragged 
Edge.” Dr. Hid- 
nert wanted to 
know why the cover 
pages of the SM 
were larger than the inside pages. It would 
be better, he thought, to trim all around so 
that handling would not quickly reduce the 
magazine to a dog-eared condition. We 
agreed with him, for one cannot readily name 
a periodical, except Science^ which has re- 
mained unshaven up to 1945. But, because 
wider margins were needed for trimming and 
binding, we could not trim all around while 
paper restrictions were in force. Now we 
have reduced the area of type on each page 
to that used in 1943 and at last present a 
trimmed magazine of 100 pages. 

The biography of the inventor J ohn Erics- 
son was ohcered to us by The Beader^s Digest, 
We accepted it not only because of its in- 
trinsic interest but because it demonstrates 
the biographical technique of a well-known 
novelist. This biography may be published 
later by The Reader’s Digest in condensed 
form. 

Harwood’s article on phenothiazine is the 
second personalized account of research to be 
published in the SM since we appealed to 
our contributors to provide human stories 
of detection. Harwood conducted pheno- 
thiazine to its triumph as an anthelmintic, 
but he did not know its earlier story in the 
Bureau of Entomology and Plant Quaran- 
tine. That story is told in detail in Record 
for Party Smithy 1937, being the verbatim 
report of a hearing in which the Grovern- 
ment presented evidence to try to convince 
the patent examiners that the Bureau’s chem- 


ist, L. E. Smith, should be granted a patent 
on the insecticidal use of phenothiazine 
instead of Du Pont’s chemist, E. W. Bous- 
quet, wdiose claims were in interference. 
After appeal, the case was finally decided in 
favor of the Grovernment, but by that time 
phenothiazine did not look so promising as 
an insecticide as it had when Dr. J. W. 
Bulger first detected its high toxicity to 
mosquito larvae. But in the end, as Dr. 
Harwood relates, the insecticidal investiga- 
tions of phenothiazine paid off by way of 
experiments on the controJ of horn flies. 
Thus veterinarians became aware of pheno- 
thiazine and thus its unique usefulness as a 
vermicide was soon disclosed. Perhaps the 
earlier history of phenothiazine should he 
written for the SM, and perhaps I should 
do it, for I was there. 

The symposium on Early Man in Oregon 
was presented at a meeting of the Oregon 
Academy of Science. These throe papers 
were originally written in conventional scien- 
tific form with full documentation. At our 
request all three authors tried to recast their 
j^apers for the benefit of our lay readers. 

Our concluding essay by Lt. (jg) Platt 
came unsolicited. We think the Lieutenant 
has some sensible and pertinent suggestions 
to make about our national defense. Al- 
though he does not speak for the Navy, he 
will be identified with the Navy. It seemed 
courteous therefore to ask the Army to name 
an unofficial proponent in this debate. Con- 
sequently we requested Colonel Harold W. 
Kent of the General Staff Corps to find a 
young officer able and willing from personal 
conviction to write an essay for the SM in 
favor of universal military training as pro- 
posed by President Truman. Thus we ob- 
tained the article by Captain Curzon. As 
the captain won his commission the hard way 
— induction, basic training, officer candidate 
school — ^he knows what he is advocating when 
he recommends universal military training. 

P. L. Campbell 
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Every one of ns judges daily the in- 
telligence of other people, and occasion- 
ally we even estimate onr own. It is a 
touchy matter, for we would rather have 
our integrity put to question than our 
intelligence, and yet the fact is no doubt 
generally acknowledged that intellectual 
endowment is unevenly distributed in 
the population, that some men are 
brighter than others. 

The nature of human intelligence has 
been a problem for centuries. Until 
about sixty or seventy years ago this 
problem was discussed entirely at the 
verbal and speculative level. A pre- 
experimental history of this subject 
would reveal a great deal of speculation 
in which we would find much ingenuity 
and insight. It would be an unstable 
guide for scientific work, however, be- 
cause here as in other prescientifie specu- 
lation there was more error than fruitful 
insight. 

The first sustained attempt in modern 
times to appraise the intelligence of indi- 
viduals as distinguished from examina- 
tions for scholarship or proficiency can 
be credited to Sir Francis Galton (1822- 
1911). He attempted by experimental 
methods to ascertain the differences 
among persons as to their mental endow- 
ment as distinguished from the estima- 
tion of proficiency. In 1885 he started a 

* TMs paper was read before the Chicago 
Literary Club on February 12, 1945. 


laboratory in London where early at- 
tempts were actually made to appraise 
individual differences. At that time 
Galton limited himself mostly to sensory 
and perceptual functions, which were 
not successful as indices of intelligence. 
Many investigations have been made to 
ascertain the relation between various 
sensory functions and human intelli- 
gence, and the findings have been defi- 
nitely negative. In a later paragraph I 
shall return to the sensory functions in 
their dynamic aspects. 

The problem was next tackled in some 
extensive studies of school children. 
These studies were motivated by the hy- 
pothesis that differential rates of prog- 
ress of children in the schools were due 
largely to differences in mental endow- 
ment and that children should be classi- 
fied for school work according to some 
index of intelligence. This problem 
called for an estimate of the mental 
alertness of each child which should be 
based on evidence as far as possible inde- 
pendent of formal school progress. It 
was recognized, of course, that a child’s 
school progress was determined only 
partly by native endowment and partly 
by motivational conditions in his home 
and school environment. The indepen- 
dent appraisal of a child ’s mental endow- 
ment would be successful to the extent 
that the effects of nature and nurture 
could be analytically separated. 
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The best known among the early meth- 
ods of appraisal was the Binet test. The 
plan of this test was simple. Each child 
was asked a number of questions over a 
fairly wide range of content. The ques- 
tions were intended to reveal the child ^s 
ability to solve simple problems with 
content that was drawn from his en- 
vironment. Much of the Binet test de- 
pended on the assumption that, other 
things being equal, a bright child would 
gather more generally available facts 
and ideas about his environment than his 
less-gifted classmates. Each problem or 
test item was given to children of differ- 
ent ages, and it was experimentally de- 
termined at what age one could expect 
a half or two-thirds of the children to do 
the task correctly. The Binet tests have 
been translated into many languages. 
For each translation it has been neces- 
sary to modify the content in order to 
adapt the test to cultural differences. 

The total performance of a child on a 
Binet test is stated in terms of his so- 
called mental age. A mental age of 10 
years, for example, represents merely the 
average performance of 10-year-old chil- 
dren and similarly for the rest of the 
scale. If a child attains a mental age of 
10 and if he is actually 8 years old then 
he is two years accelerated. Children are 
frequently described in this way as to 
their degree of mental acceleration or 
retardation, and this classification is of 
practical value in the schools. 

It has been found that there is a rea- 
sonably good correspondence between the 
degree of acceleration and retardation of 
a child and his school progress, but it 
must not be assumed that this corre- 
spondence is perfect. The correspon- 
dence is, however, sufficiently close to 
make the test appraisal of considerable 
value in dealing not only with groups of 
children but also with individual prob- 
lem eases. For example, when a child 
fails to participate in a class he is ordi- 
narily judged to be lacking either in 


ability or in motivation. If it is found 
by the Binet test that he is accelerated 
in intelligence his poor performance may 
actually be attributed to boredom. By 
advancing such a child he is put in a situ- 
ation that is sufficiently challenging for 
him, and he may again hold his own. 
Unfortunately, this is the exceptional 
type of case. 

When we examine the nature of the 
Binet test as to the content of each ques- 
tion we find that it is a hodgepodge. We 
find questions about vocabulary, others 
about simple arithmetic problems, puz- 
zles of various kinds, simple reasoning 
problems, and the interpretation of prov- 
erbs. One of the ways in which a child's 
performance is analyzed is to study what 
is called scatter. Some children hold 
their own in all types of items, while oth- 
ers go much higher in one type of item 
than in other types. It is to be expected 
that some children will be accelerated in 
vocabulary, for example, and retarded 
in numerical thinking, or vice versa. 
This phenomenon of scatter in the per- 
formance on general intelligence tests is 
indicative of the fact that intelligence is 
a complex rather than a single trait. 
But in spite of the crudeness of the Binet 
test and other similar tests of general in- 
telligence they have been of great prac- 
tical importance in the schools. 

We turn now to a later stage in the 
history of this problem, namely, the ana- 
lysis of actual test performances. If two 
tests of intelligence are given to a group 
of people you might expect that those 
who excel in one of the tests would excel 
in the other test. This would be the ease 
if the two tests were measures of the 
same trait and if the results were other- 
wise unaffected by experimental error. 
The degree of association between two 
variables is represented in statistical 
work by the coefficient of correlation. 
This is a numerical index which takes 
possible values between -f- 1 and - 1. If 
two measures have a correlation of +1 
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there is perfect association between them 
and accordingly all the individuals in the 
experiment would be arranged in exactly 
the same order by both tests. If the 
correlation is -1 then there is perfect 
inverse relation, and the top man on one 
test is the lowest man on the other test. 
If the correlation is 0 then there is no 
discernible correspondence between the 
two measures. They are then just as in- 
dependent as if both sets of numbers had 
been obtained by tossing coins. Correla- 
tional theory was started by Galton in a 
more or less descriptive manner, and it 
has been very highly developed by the 
mathematical statisticians. As an ex- 
ample of the meaning of correlation we 
might consider the well-known associa- 
tion between height and weight. Men 
who are tall also tend to be heavier than 
those who are short, but the association 
is of course not perfect. If we were to 
compute a correlation for height and 
weight of a random sample of several 
hundred adult men, we should find that 
the correlation is about +0.5. Correla- 
tion theory is involved in the application 
of statistical methods to a variety of 
problems, and some of these methods are 
also applicable to the present problem. 

At the beginning of the century quite 
a number of studies were made to deter- 
mine this quantitative index of associa- 
tion between abilities to do different 
kinds of tasks, and it was soon found 
that the correlations between various 
tests that were supposed to be indices of 
general intelligence were far from per- 
fect. Two inferences were drawn from 
these simple observations. First, it was 
concluded that no test is in any sense a 
pure measure of the postulated general 
intelligence and, second, that an appre- 
ciable part of a test performance is sub- 
ject to fortuitous experimental error. 
At this time there also began to be con- 
siderable speculation as to whether gen- 
eral intelligence could be postulated as 
a single general function. The alterna- 


tive was to consider intelligence as a 
complex of many distinct abilities. A 
third possibility which has some de- 
fenders is that intelligence is determined 
by thousands of factors that function 
without any pattern or groupings. 

It was in 1904 that the British psy- 
chologist Spearman wrote a simple but 
epoch-making paper on the relations 
for groups of psychological tests that had 
been given to the same individuals. He 
found that under certain circumstances, 
which he specified, these correlations did 
indicate the existence of what he called 
a single intellective factor which he de- 
noted by the letter G. This was the 
starting point for a series of lively con- 
troversies which are still current in more 
modern form in the British and Ameri- 
can psychological journals, forty years 
after Spearman ^s provocative paper. 

Until about 1930 the central theme in 
these controversies was nearly always the 
question whether Spearman’s general 
intellective factor did exist. It was soon 
recognized that even with the best avail- 
able controls the postulated general intel- 
lective ability of Spearman was inade- 
quate to account for observed relations 
among experimental tests. It was found 
necessary to acknowledge the existence 
of other abilities in addition to a general 
intellective factor, but these were fre- 
quently referred to as disturbers of the 
fundamental relations of Spearman. 
During this time there was general ac- 
ceptance of special abilities in addition 
to the factor (?. The main scientific in- 
terest, however, was directed at the ques- 
tion whether general intelligence should 
be postulated in addition to the special 
abilities which disturbed the simple rela- 
tions of Spearman’s hypothesis. 

In 1930 investigations were begun with 
a different emphasis. Instead of asking 
whether the experimentally observed 
relations among the abilities, represented 
by a series of tasks, could be accounted 
for by a single intellective factor, the 
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question was asked how many factors or 
abilities were implied by the observed 
relations. It was then left as a question 
of fact whether one or more of the abili- 
ties that were identified might turn out 
to be more general or central in character 
than the other abilities. For any given 
set of tasks that were given experimen- 
tally to a group of several hundred peo- 
ple the question was then to determine 
how many abilities were represented by 
these tasks and, further, to identify the 
nature of these abilities. Before the 
analysis of such experimental data could 
be undertaken it was necessary to extend 
the earlier methods of Spearman for a 
single factor to the n dimensional ease 
for any number of factors. This work 
has progressed for a number of years 
with the assistance of some British and 
American mathematicians and physicists 
who have taken an interest in the formal 
aspects of the problem. During the past 
ten years the methods so far developed 
have been applied to experimental data 
with findings that are of both theoretical 
and general interest. 

The first major experiment with the 
new n dimensional methods of factor 
analysis was started in 1934. A battery 
of 56 psychological tests was designed 
especially for this study. These tests 
were devised so as to represent a wide 
variety of tasks which had been repre- 
sented in previous studies of intelligence. 
Included in this battery were tests which 
oalled for verbal comprehension, verbal 
reasoning, various types of fluency, 
speed in simple numerical work, quanti- 
tative reasoning, various forms of induc- 
tion, verbal, visual, and auditory asso- 
eiations, visualizing flat figures and solid 
objects, various forms of abstraction 
with verbal, numerical, and visual mate- 
rial, reasoning about mechanical move- 
ments, and memory for different types of 
•content. This battery of 56 tests was 
given to several hundred student volun- 
teers, requiring about 15 hours of work 


for each subject. When the records had 
been assembled the correlation was deter- 
mined for each pair of tests in the whole 
battery. This required the calculation 
of about 1,600 coefficients of correlation. 
For each pair of tests the correlation tells 
us the extent to which those who succeed 
in one task tend to succeed in the other. 

It is an old observation about intel- 
lectual tasks of all kinds that the corre- 
lations are all positive. If two widely 
divergent mental tasks are considered, 
the correlation between them may be low 
but the association is always positive. In 
fact no negative correlations have ever 
been found for intellectual tasks. There 
is a rather common misconception about 
these relations. It is not infrequently 
asserted that those who are superior in 
one intellectual task are somehow in- 
ferior in some other intellectual task. 
Among students such an impression is 
not uncommon as regards linguistic and 
scientific abilities. The fact is that no 
negative correlations for performance in 
school subjects or in intellectual tests 
have ever been found. 

A large table of correlations among 
these 56 tests constituted the starting 
point for a multiple-factor analysis with 
the new n dimensional methods for the 
purpose of discovering how many abili- 
ties must be postulated in order to ac- 
count for the observed correlations. It 
was found that 12 factors were sufficient 
to account for these relations among the 
56 tests. Those who are mathematically 
inclined may be interested to know that 
the rank of the matrix of correlations is 
the number of linearly independent fac- 
tors that must be postulated. 

It is a curious circumstance that in the 
multiple-factor methods one can deter- 
mine the number of factors involved in a 
set of experimental tasks before the na- 
ture of these factors is known. The next 
problem is to determine just what these 
factors or abilities are like. Here we 
come to an interesting indeterminacy the 
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nature of which can be represented in 
simple form in a two-dimensional dia- 
gram. If we plot a number of points on 
a diagram we ordinarily assume that the 
X and y axes are given. In the factor 
problem the configuration of points is 
given, and it remains for us to insert the 
X and y axes. These axes represent the 
abilities or factors, and the problem is 
to locate them in a configuration so as 
to give scientifically fruitful interpreta- 
tion of the test relations. If we are deal- 
ing with a number of points on an ordi- 
nary diagram and if these points arrange 
themselves in two streaks from the ori- 
gin, then the location of the two axes 
can be easily chosen by simple inspection 
in such a way as to give the most parsi- 
monious interpretation. In dealing with 
an n dimensional configuration it is nec- 
essary to do these simple things analyti- 
cally because unfortunately we cannot 
make physical models in more than three 
dimensions. If it were possible to make 
12 dimensional models so that we could 
look at them, then the factor problem 
would be quite simple. Since we are liv- 
ing in three-dimensional space and since 
the factor problem involves relations 
among many more factors or abilities, it 
is necessary to handle the problem ana- 
lytically, but the principle is funda- 
mentally the same as in the two-dimen- 
sional diagram. 

In choosing a set of 12 reference abili- 
ties for the experiment with the 56 tests 
we adopted what we have called the 
simple structure principle, the nature of 
which can be explained without refer- 
ence to its mathematical form. Let us 
suppose that there are distinguishable 
mental functions in overt performance 
which are caused by physically differ- 
entiable functions in the organism. It 
is not necessary to postulate that each 
mental ability is represented by a sepa- 
rate organ or that it has a locus in the 
nervous system. Some mental abilities 
may be so determined while others may 


conceivably be accounted for physically 
in terms of parameters of the system as 
a whole. This is a question about which 
the factorial methods make no assump- 
tion whatever. All that we are doing is 
examining the overt performances of 
several hundred people in a wide variety 
of tasks to determine how many differ- 
entiable functions must exist in order to 
produce their observed differences. Let 
us suppose that there are differentiable 
functions such as number facility, one or 
more types of memory, one or more kinds 
of verbal ability, facility in visualizing, 
facility in auditory imagery, and so on. 
Let us assume that these abilities operate 
to produce the performance in each test. 
Now it would certainly be very unlikely 
that all these abilities would participate 
equally in every one of the tests. If we 
knew what these abilities were and if we 
were asked to assemble 50 psychological 
tests of different kinds so that every test 
would call for every one of the mental 
abilities we should probably find it im- 
possible to design such tests. In assem- 
bling the tests that are feasible and that 
represent intellectual functions of va- 
rious kinds we are probably necessarily 
featuring some of these abilities in each 
task, while other abilities are almost ab- 
sent. If there is an ability that is char- 
acterized by facility to deal with num- 
bers, for example, then such an ability 
would not be called for in doing verbal 
tasks or visualizing tasks which have no 
numerical or quantitative aspect. Facil- 
ity in auditory imagery, for example, 
would surely be absent in the visualizing 
tasks. The selection of a set of funda- 
mental reference abilities is then the 
problem of choosing these abilities so as 
to simplify as far as possible our compre- 
hension of each of the tests. We account 
then for each test by the smallest possible 
number of abilities. This is the simple 
structure principle which can also be 
stated in geometrical form. The geo- 
metric analogue for this principle is to 



106 


THE SCIENTIFIC MONTHLY 


locate the x and y axes and all the other 
axes according to the most simplifying 
planes in the configuration of test 
vectors. 

Applying this principle that we have 
called simple structure we find that some 
of the abilities stand out rather clearly 
and can be easily interpreted. In ex- 
ploratory studies we always find some 
factors whose interpretation is obscure. 
It is encouraging, however, that when ex- 
periments are carried out on groups of 
people who differ in age and education 
and with new sets of tests we have suc- 
ceeded in identifying the same basic 
mental abilities. It is this kind of in- 
variance which makes the search en- 
couraging. It has been found also that 
factors which are obscure in an experi- 
mental study become clarified in subse- 
quent studies with tests that are es- 
pecially designed to investigate each 
domain. 

When the analytical results have been 
obtained the final interpretation consists 
in discovering the nature of the ability 
that has been shown to be present in one 
group of tests and absent in the other 
tests. Sometimes we have rival hypoth- 
eses about the nature of an ability which 
has been shown to exist. Fortunately 
such questions can be resolved as ques- 
tions of fact, and so we are not depen- 
dent on debating-society methods for set- 
tling such questions. We proceed then 
to design new tests which are crucially 
differentiating for rival hypotheses about 
the nature of a factor. The new tests go 
into the next factorial experiment, and 
we can then usually discover which of 
the two hypotheses is correct. We must 
acknowledge, however, that sometimes 
the subsequent factorial study shows that 
both hypotheses were wrong. Such a 
situation simply means that we must 
guess again. 

We turn next to a brief description of 
each of the mental abilities that have 
been identified so far. 


One of the abilities that have appeared 
very clearly in a number of independent 
investigations is the ability to visualize 
solid objects. This ability is known as 
the space factor and it is denoted by the 
letter 8, It represents the ability to 
visualize flat figures or solid objects. As 
far as we can determine at present this 
factor covers figures in flat space and 
solid objects in three dimensions. At 
first we were prepared to find separate 
factors for these two types of thinking. 
This space factor is not new. It is un- 
doubtedly the same visualizing ability 
that was described by Galton in his in- 
formal studies of imagery types. He dif- 
ferentiated between visual and auditory 
types. In any audience of educated men 
there will be a considerable proportion 
who rather dislike tasks that require 
visualizing and others who depend on it 
as their principal medium of thinking. 
We are dealing here with differences 
among persons in the readiness with 
which they manipulate different types of 
imagery. A man’s style of writing and 
his preferred methods of exposition are 
likely to reveal his preferred imagery. 

A number of tests are available which 
give fairly good indices of the space fac- 
tor 8) and their application in employ- 
ment selection and in student counseling 
seems rather self-evident. For example, 
if a boy is a poor visualizer as deter- 
mined by these tests it is a safe bet that 
he will not be happy as an apprentice in 
a drafting room, and it is also equally 
safe to predict that he will not enjoy de- 
scriptive geometry and similar subjects. 
It is known that the space-factor is 
heavily involved in mechanical aptitude, 
but it is only one of the components in 
mechanical aptitude. 

Another factor that is quite easily 
identified has been called the number 
factor A. This is represented by facility 
in doing simple numerical tasks, but it 
must not be inferred that this factor is 
heavily involved in arithmetical reason- 
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ing or in mathematics. One should not 
be surprised to find some very competent 
mathematicians who are not high in the 
number factor N, On the other hand, 
one should expect to find a good cashier 
or bookkeeper to have facility in this fac- 
tor. Arithmetical reasoning, which is 
represented by the familiar statement 
problems in arithmetic, involves a num- 
ber of other factors often more important 
than number facility N, In designating 
this factor as concerned with numerical 
thinking we have been puzzled about a 
closely related problem. If we are here 
dealing with differences in native endow- 
ment, then it has seemed to us that each 
factor should be described in terms of 
the kinds of thinking and imagery rather 
than in such terms as mimher which is 
a cultural concept. Attempts have been 
made to interpret this factor in some 
more fundamental form. Eventually, 
when the nature of this factor is more 
completely understood, it may be pos- 
sible to appraise it by tests which are 
nonnumerical in character. It might 
then be merely a historical accident that 
the factor was identified in tests that hap- 
pened to be numerical in character. On 
the other hand, there is a possibility that 
there exists a distinguishable mental 
ability which is definitely related to 
numerical thinking as such. These are 
questions for the future to answer. 

One of the socially most important 
factors that have been identified is called 
verbal comprehension Y, It represents 
facility in dealing with verbal concepts. 
It is represented rather well by tests of 
vocabulary or tests of verbal reasoning, 
as in the interpretation of proverbs or 
the comprehension of difScult prose. 
Our educational system is built around 
this medium, and consequently those in- 
dividuals are generally judged to be in- 
tellectually retarded who are deficient in 
verbal facility even though their other 
intellectual powers may be exceptional. 

Investigations that have been com- 


pleted thus far have revealed the ex- 
istence of three or four verbal factors, but 
only two of them are at present under- 
stood. In addition to the important 
verbal comprehension factor Y there has 
been identified another verbal factor 
which has been called word fluency W. 
At first it was difficult to' see just why 
these factors, which are both verbal, 
should nevertheless be so clearly sepa- 
rated in the factorial analysis. Closer 
examination of the tests by which these 
two verbal factors were identified re- 
vealed an interesting difference. The 
tests which are heavily saturated with 
the word-fluency factor W have this 
characteristic in common that the indi- 
vidual subject must produce his own 
words in a restricted context, whereas 
the verbal-comprehension factor Y re- 
quires that he understand the verbal 
material that is given to him. A simple 
test for the word-fluency factor is to ask 
the subject to write, for example, as 
many boys’ names as he can think of in 
two or three minutes. The nature of the 
task can be varied considerably with the 
same results. The subjects might be 
asked to write a list of things to eat and 
drink. The subject who is gifted in word 
fluency will keep on writing, whereas a 
person who does not have this kind of 
fluency will write perhaps a dozen words 
and then have a block. With some en- 
couragement he may proceed with an- 
other spurt, and after a few seconds he 
will have another block. These^two 
verbal abilities are distinct in the sense 
that a man may be verbally fluent even 
though he has a limited vocabulary, and 
another may have an extensive vocabu- 
lary and be capable of profound verbal 
comprehension even though he is not 
verbally fluent. The social and educa- 
tional implications of these differences 
are self-evident. 

When reading a treatise by Weisen- 
berg and McBride on aphasia I became 
interested in the verbal tasks that some 
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of the patients could do and the other 
verbal tasks they could not do. The dif- 
ferentiation between these two types of 
verbal tasks for one group of aphasic 
patients seemed to be well described in 
terms of the two verbal factors Y and W. 
This particular group of patients failed 
on all the tests which involved the word- 
fluency factor W, but they seemed to be 
able to do the verbal tasks in which the 
verbal-fluency factor W was absent. 
This factorial differentiation among ver- 
bal factors is worthy of further study to 
ascertain whether the factors that have 
been identified on normal adults can be 
identified perhaps even more clearly in 
some types of speech pathology. There 
is indication at the present time that the 
word-fluency factor W may be a complex 
and that it can be broken up into further 
factors. It will be reassuring if different 
approaches to the same problem should 
agree as to what constitutes the differ- 
entiable verbal abilities. 

It is a commonplace observation that 
some persons have good memories and 
that others have poor ones, and it is also 
a commonplace among the current psy- 
chological textbooks that memory is not 
a separate mental faculty. The result of 
factorial studies so far seems to sustain 
the popular impression rather than the 
current psychological dogma. There 
seems to be good indication factorially 
that people do differ in memory quite 
apart from their other mental abilities. 
A man who is of superior mental endow- 
ment may or may not be fortunate 
enough to have a good memory. The 
memory factor that has been identified 
seems to be represented best in the abil- 
ity to remember paired associations. 
There are indications of other memory 
factors that may be concerned with 
memory for temporal sequence as dis- 
tinct from paired associations, and there 
probably exists also a separate ability 
for what is called incidental memory, 
namely, the ability to recall past experi- 


ence without previous intention to recall 
it. If this differentiation should be sus- 
tained, then we should distinguish be- 
tween the ability to memorize inten- 
tionally and the ability to recall past 
experiences with no intent to recall them. 
The memorizing factor seems to tran- 
scend the nature of the content and so 
becomes applicable to numerical, verbal, 
or visual material. A personas perform- 
ance in memorizing material of different 
kinds will, of course, be affected also by 
his abilities in the imagery types that are 
specifically involved. 

One of the most interesting of the pri- 
mary mental abilities is the ability to 
discover the ^ rule or principle in the 
material that one is working with. This 
primary ability has been called induc- 
tion. It definitely transcends the nature 
of the material, and consequently it must 
be centrally determined in some way. It 
does not seem to be directly associated, 
with any of the sensory modalities. It 
is only natural that one should ask the 
question whether originality and cre- 
ative ability are represented in this fac- 
tor, hut on that question we have so far 
no conclusive evidence. Our guess is 
that facility for induction in the sense of 
discovering the rule or common principle 
in the material with which one is work- 
ing is not the same as originality and 
creativeness. It would certainly be of 
great value to discover any dependable 
indicator of creative talent, but on that 
problem the factorial studies so far com- 
pleted can only give us a few clues. 

Since induction has been identified as 
a primary mental ability it is only nat- 
ural to look for deduction, and it has also 
been found to be a primary factor, but 
it has not been identified with sufficient 
clarity to be represented in the psycho- 
logical tests that are recommended for 
use in the schools. 

There has appeared in several studies 
a factor which we have not attempted to 
name but which is related to these rea- 
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soning factors. The best that we have 
been able to do so far is to associate it 
somehow with the ability to carry out 
restrictive thinking. By this we mean 
the ability to carry out a reasoning prob- 
lem in which there is a definite answer 
as distinguished from those tasks in 
which the effective solutions are not 
unique. 

In the past few years a different type 
of factorial study has been carried out 
on what we have called perceptual dy- 
namics. In early work in this field it was 
found that sensory acuity was no index 
whatever to the mental abilities of the 
subject. In returning to the field of per- 
ception we have been primarily inter- 
ested in the dynamics of perception. By 
this we mean apparent movement phe- 
nomena as studied by the Gestalt psy- 
chologists and other visual and auditory 
effects most of which have a temporal 
aspect. Five of the factors revealed in 
the perceptual functions are concerned 
with speed. These are: reaction time, 
speed of perception, speed of judgment, 
speed of closure, and rate of reversals in 
ambiguous perception. In addition to a 
factor concerned with speed of closure 
there has been identified another which 
has been called flexibility of closure. 
These two closure factors are of special 
interest because they are probably asso- 
ciated not only with intellectual types 
but also with temperamental character- 
istics. 

The phenomena of closure can be illus- 
trated by a simple example. If you see 
a word in which a part of each letter has 
been removed you may look at the word 
as if it consisted of a group of unrelated 
spots. You may look at it that way for 
several seconds in the attempt to put 
meaning into it. You may suddenly see 
what the word is. That would be an ex- 
ample of closure. The apparently cha- 
otic and unrelated spots suddenly be- 
come unified into a single percept. You 
then see one thing instead of many dis- 


parate things. The readiness with which 
people get closure seems to be a trait 
much more fundamental than appears at 
first sight. It is not merely the ability 
to solve a trivial puzzle. It seems to ex- 
tend to much more important tasks. A 
group of administrators who were exam- 
ined in Washington in the attempt to 
study their mental characteristics did 
reveal among other things that the suc- 
cessful administrators scored well on cer- 
tain tests of closure. A descriptive in- 
terpretation might be that they are men 
who readily unify the apparently dis- 
parate elements in the work for which 
they are responsible. 

Another closure factor has been called 
flexibility of closure, and this factor may 
be socially just as important as speed of 
closure. Wertheimer has described prob- 
lem-solving as the ability to destroy one 
configuration in favor of a better one. 
This is a good description. It implies the 
ability to destroy or ignore one configu- 
ration of things in order to see the same 
things in a different configuration. Since 
these two closure factors, which have 
been called speed and flexibility, have 
only recently been identifi'ed, we cannot 
speak with confidence about their impli- 
cations. They are known to be distinct 
from the visualizing or space factor 8. 

The question has been raised about the 
primary factors that have been identified, 
whether any of them represent a modern 
form of the central intellective factor 
that Spearman postulated forty years 
ago. If we were to make a guess in an- 
swer to this question we should probably 
consider the inductive factor and the two 
closure factors. But the solution to the 
problem of the central intellective factor 
is probably more indirect. It has been 
found that when a group of individuals 
are appraised as to each one of the pri- 
mary mental abilities that we know 
something about now, the primary abili- 
ties themselves turn out to be correlated 
just as the original tests were correlated. 
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In other words, those who have some of 
these abilities tend somewhat to excel in 
the others, but the associations arc not 
close. In dealing with individual cases 
we cannot infer, for example, that a man 
has good number facility just because he 
is a good visualizer. But one can say 
that those who excel in any one of these 
primary abilities tend to be better than 
average in the other abilities. This 
raises the question about why these pri- 
mary factors are correlated. Our pres- 
ent interpretation is that there exists 
what we have called a second-order fac- 
tor which is more fundamental than the 
primary. If this central factor exists, 
then it facilitates the function of all the 
primary or special abilities. Our present 
interpretation is that the central intel- 
lective factor which Spearman postu- 
lated exists in the form of some central 
parameter which has a positive influence 
on all the special mental abilities we have 
been discussing. It has been found that 
some of these primary factors are more 
heavily saturated with this central factor 
than others. Rote memorizing ability 
has very low saturation on the central 
intellective factor, whereas induction 
and verbal comprehension and visualiz- 
ing have rather high saturations on the 
central intellective factor. 

Our conclusion regarding this old 
question is then briefly as follows : There 
seems to exist a large number of special 
abilities that can be identified as primary 
abilities by the factorial methods, and 
underlying these special abilities there 
seems to exist some central energizing 
factor which promotes the activity of all 
these special abilities. 

In addition to the studies on adult sub- 
jects the same type of analysis has been 
made on experimental data for high- 
school children and lately on a group of 
several hundred 5- and 6-year-old chil- 
dren. Special tests had to be designed 
for the kindergarten children who were 
not yet able to read. Essentially the 


same primary mental abilities have been 
identified with these young children as 
with the adults. It has been found also 
that some of these factors such as visual- 
izing and closure seem to mature very 
early. It is possible to determine at the 
age of four or five whether a child is a 
good visualizer, and we are certain that 
young children are much more clever in 
reasoning than is ordinarily believed. 
The work with young children is moti- 
vated partly by the thought that methods 
of instruction may eventually be adapted 
to the mental profile of each child. It is 
well known that the public schools are 
full of reading-problem eases. These are 
children who seem to have some mental 
ability but who are slow in reading. It 
is conceivable that different methods of 
teaching should be used with children of 
different mental profiles. 

Finally we turn to the question of how 
the appraisal of special tests for each 
primary mental ability can be made 
practically useful. Instead of attempt- 
ing to describe each individuars mental 
endowment by a single index such as a 
mental age or an intelligence quotient, it 
it preferable to describe him in terms of 
a profile of all the primary factors which 
are known to be significant. A glance at 
such a profile shows whether a man is 
generally gifted, whether he is excep- 
tionally gifted in one or two of the pri- 
mary factors, or whether he has some 
conspicuous limitations. The tests which 
have been made available for use in the 
schools represent six of the primary fac- 
tors whose implications are already 
fairly well indicated. As new factors be- 
come isolated and interpreted as to their 
implications, they will be added to the 
tests which are made generally available 
in schools and eventually for employ- 
ment selection. If anyone insists on hav- 
ing a single index such as an I.Q., it can 
he obtained by taking an average of all 
the known abilities. But such an index 
tends so to blur the description of each 
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man that his mental assets and limita- 
tions are buried in the single index. It 
seems better to use a profile and to ex- 
tend it with new factors as they become 
isolated. 

The question is often asked whether 
these primary factors are inherited and 
whether they can be trained. A study 
has been made of 150 pairs of identical 
and fraternal twins in Chicago, and it 
has been found that the identical twins 
are much more alike in each of the pri- 
mary mental abilities than are fraternal 
twins. This finding is what one should 
expect, and it agrees with previous stud- 
ies on twins with less differentiated mea- 
sures of mental endowment. The in- 
terpretation of these genetic studies is 
that inheritance plays an important part 
in determining mental performance. It 
is my own conviction that the arguments 
of the environmentalists are too much 
based on sentimentalism. They are often 
even fanatic on this subject. If the facts 
support the genetic interpretation, then 
the accusation of being undemocratic 
must not be hurled at the biologists. If 
anyone is undemocratic on this issue it 
must be Mother Nature. 

To the question whether the mental 
abilities can be trained, the affirmative 
answer seems to be the only one that 
makes sense. On the other hand, if two 
boys who differ markedly in visualizing 
ability, for example, are given the same 
amount of training with this type of 
thinking, I am afraid that they will dif- 
fer even more at the end of the training 
than they did at the start. Both of them 
would no doubt improve in overt per- 
formance, but the boy with native ability 
would probably outdistance his less 
gifted partner. 

In comparing the profiles of students 
with their known professional interests, 
one finds that students who are highest 
on the two verbal factors are usually in- 
terested in some linguistic occupation, 
such as writing or journalism. Com- 


bined with the reasoning factors the pro- 
file indicates an interest in the more 
formal aspects of language. A combina- 
tion of the reasoning factors and the 
visualizing factor is characteristic of 
students of physical science and engi- 
neering. So far we have not seen any 
characteristic profile for medical stu- 
dents. This probably means that the 
medical profession is so broad in scope 
that it has opportunity for wide range 
in types of talent. We have seen some 
very striking examples of children in the 
Chicago schools whose special abilities 
were unknown until they were examined 
by tests of the primary factors. One 
child was recently brought to our atten- 
tion who scored extremely high in the 
verbal factor V and low in everything 
else. He is a tremendous reader and yet 
he fails in all his school subjects. He 
does not seem to be able to reason with 
what he reads. Another child was ex- 
tremely high in word fluency and low 
in all other factors. This child has a 
reputation for his great facility in fabri- 
cating stories to get out of one delin- 
quency after another. Another child 
was considered to be a dunce until it was 
found that he was the best visualizer of 
his age but he was low in the verbal 
factors. This was a clue not only for the 
education of the child but also for direct- 
ing him into something where he might 
have prestige. Such a resolution of his 
problem solved also a personality dif- 
ficulty because he can now identify him- 
self with something in which he excels. 

Studies must be undertaken as soon as 
possible to investigate factorially such 
fields as mechanical aptitudes, musical 
talent, and artistic talent. It is often 
supposed, for example, that mechanical 
ability is nothing but manual dexterity, 
but such is not the ease. Mechanical 
ability is mostly in the head. It is a com- 
plex of abilities whose isolation should be 
of considerable importance for science 
and industry. That is still to be done. 
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The multiple-factor methods that have 
been developed in the past decade have 
just begun to produce results. We have 
barely started in a field of investigation 
that will enable the next generation to be 
more rational than we have been in plan- 
ning the education of their children and 
in selecting people for each kind of work. 
Even at the present time psychologists 
can do much more effective work in ap- 


praising mental abilities than was pos- 
sible ten years ago. 

This work is consistent not only with 
the scientific object of identifying the 
distinguishable mental functions but it 
seems to be consistent also with the de- 
sire to differentiate our treatment of 
people by recognizing every person in 
terms of the mental and physical assets 
which make him unique as an individual. 


THE PATH I CHOOSE 

What is this freedom which men hoast they own? 

My harque seems free upon the waters. 

Yet no matter what the course I set 
1 only partly guide. 

You, like a lodestar ^ turn my compass north 
Across the trackless miles, 

A feeble force hut constant 

And a source directive in my better hours. 

For life is unknown ocean, 

And winds may blow destructive rancor to my soul 
Or anchor it becalmed on surface of a liquid glass 
To shrivel ^neath the blazing sun. 

At other times I race before a cooling draft 
And speak of progress toward a port. 

The tide may raise my song to buoyant tone 
Or wring a minor wail at its recess, 

And, under all, the oceans move in vaster whirls. 

Men speak of final ports. This craft was ocean born 
And knows no rest. 

If port there be, it yet has sighted none, 

But this is life, not yonder, and the best we have 
Lies in this frame and not in distant scene. 

Let me speak fair to all of those who pass. 

Hail and farewell or traveling abreast. 

May I no wreckage came nor halt the travelers fast 
Who know where they are bound. 

Yet wandering to touch at many strands, 

The known and loved, the new uncharted isles, 

I seek the gems of each and hope to land 
Upon your restful shore before the end, 

John G. Sinclair, 1937 



SCIENCE IN THE POSTWAR LIBERAL ARTS 

PROGRAM=^ 

By LLOYD W. TAYLOR 

PEOFESSOR OP PHYSICS, OBERLIN COLLEGE 


College teachers of science quite prop- 
erly are concerned with whatever threat 
to the liberal arts exists in the recent 
diversion of our educational resources to 
wartime training. Perhaps the most dis- 
quieting aspect of such a threat was the 
war’s acceleration of a trend that was 
becoming pronounced long before 1941, 
the trend toward ever more narrow spe- 
cialization. Even associated departments 
were having increasing difficulty in un- 
derstanding each other’s language, and 
communication between curricular divi- 
sions had completely broken down. This 
trend, growing in large measure out of 
the nature of graduate training for the 
doctorate, is probably unavoidable in a 
university setting, but it has been plant- 
ing the seeds of destruction of the lib- 
eral arts ideal in our colleges. 

One of the fruits of this Balkanization 
of the curriculum is a resuscitation of 
the old antagonism of the humanities 
toward the natural sciences. Vestiges 
of this were in evidence before the 
war. Penalizing science teachers by re- 
quiring two or three clock hours of lab- 
oratory duty for one teaching credit 
hour was one manifestation of it. Penal- 
izing students for taking laboratory sub- 
jects by trying to retain the old scheme 
of laboratory fees was another. But 
these were mere vestiges of an old 
Pharisaism. Now, as one of the conse- 
quences of the war, this attitude has 
been fanned into new life, and I fear 
that we shall have some of the old bat- 
tles to fight over again, this time with 
certain handicaps which we did not have 
before. 

* The substance of a paper read before the 
Science Division, Oberlin College. 


The humanities are now definitely 
alarmed. Profoundly mistaken, they are 
nevertheless thoroughly convinced that 
increased interest in the sciences, stimu- 
lated by scientific contributions to the 
war, will act to the disadvantage of the 
humanities. Professional journals are 
full of articles to this general effect. 
One can almost say that the academic 
equivalent of mob spirit is being aroused, 
with a view to tarring and feathering the 
sciences and riding them on a rail out of 
the liberal arts. 

To keep the record clear I am sure 
that it is accurate and appropriate to say 
that the interest of science teachers in 
this problem arises not out of fear about 
continuation of the sciences but out of 
genuine concern for continuation of the 
liberal arts. Teachers of the sciences will 
always be in full demand in graduate and 
professional schools and, accordingly, 
they have no fear of unemployment. 
But they have a major contribution to 
make to the undergraduate liberal arts 
curriculum, which their concern for the 
liberal arts will not permit them to over- 
look. The contribution that the sciences 
have made during the past three cen- 
turies to the current pattern of human 
habits of thought is such as to entitle 
them to more, rather than less, promi- 
nence in the liberal arts. 

The typical apologist for the humani- 
ties starts with the axiom that the liberal 
arts is the domain in which his subject 
is pre-eminent. He then identifies the 
sciences with gadgetry or at best tech- 
nology and draws the conclusion that 
they have no proper place in the higher 
realm of the spirit in which the humani- 
ties dwell. The fact is, of course, that 
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the sciences are poientMly (mark that 
word, for I shall return to it) at least 
as rich a source of meaningful imponder- 
ables as are the humanities. While the 
practical aspects of the sciences are not 
to be despised, their significance lies not 
so much in the multiplicity of inventions, 
which makes the world so different and 
life so much safer and easier than it was 
a century ago, as in the subtle concep- 
tion which gave birth to these gadgets 
and which iswastly encouraged by their 
use — Oman’s confidence in his intellectual 
supremacy over nature. And what could 
be more profoundly a matter of the spirit 
than that ? 

When science is viewed in this larger 
aspect, it is not its effects, profound and 
far-reaching though they are, that should 
be the primary interest of student and 
teacher alike, but the nature of the in- 
strument itself. It is utterly unique. 
Literature and the arts have been pro- 
duced principally by special geniuses, 
and the rate of such production appears 
neither to grow nor to improve with 
passing time. Current masterpieces of 
art and literature are of no greater 
merit, nor are they being produced any 
more profusely today in proportion to 
the population, than the corresponding 
products of two thousand years ago. In 
the sciences, on the other hand, is to he 
found the first large body of knowledge 
that is both sequential and cumulative. 
As a unified army, organized for a sus- 
tained assault upon the citadel of human 
ignorance, there has been nothing to 
compare with the sciences in the whole 
recorded development of human thought. 
It is possible to question the value of the 
material which the sciences discover; 
much of it seems trivial to the lay mind. 
One may also be fearful of the ultimate 
effect of scientific philosophy on human 
welfare; many thoughtful men hold sci- 
ence responsible for some of the major 
ills of the day. But whether for good 
or for evil, the fact that science domi- 


nates modern thought cannot be disre- 
garded. 

Teachers of science are not doing as. 
much as they can to cultivate this rich 
heritage. This is the more regrettable 
in that relatively little additional time 
is required, very little in proportion to 
the values derived. It is rather a matter 
of the mode of presentation of the sub- 
ject than of added time for unrelated 
material. The great bulk of the material 
is already before our classes in the usual 
course of conventional science instruc- 
tion. It is indeed more completely in 
hand than it can ever be in courses in 
history of science or philosophy of sci- 
ence. All that is required to bring out 
the significance of the discoveries being 
described is the deft manipulation of 
relative emphases which any skillful 
teacher uses, consciously or unconsci- 
ously, as part of his stock in trade. No 
science teacher who has a vision of the 
prominent part played by his subject in 
the general intellectual enterprise need 
make any apology to the humanities for 
the breadth that science can impart to 
education. But the number who have 
that vision is disconcertingly small, and 
still smaller is the number of those who/ 
are willing to go out of their way to ac- 
quire it. 

The value which the sciences might 
thus contribute to the liberal arts cur- 
riculum is, as I have intimated above, 
largely potential. There is, to be sure, 
no lack of those who give lip service to 
such a program. It is when we examine* 
the texts that are used, the actual pro- 
portion of the students’ study time that 
is assigned to the pursuit of these aspects 
of science, and the amount of attention 
given to them in examinations that one 
realizes in what low regard they are ac- 
tually held by the typical science teacher. 
For, make no mistake, the importance 
that will be attributed to these elements 
of science by students, and indeed the 
measure of the teacher’s own confidence 
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in them as elements of science instruc- 
tion in liberal arts, is the proportion of 
emphasis that he gives to them through 
the conventional channels of instruction. 
He is in fact only self-deceived when he 
says, ^^Oh yes! I regard these as very 
important and I mention them in my 
lectures,’^ and then leaves them com- 
pletely out of the actual corpus of his 
instructional program. 

Yet a liberal arts curriculum has a 
right to demand the more liberal ele- 
ments as a prominent feature of science 
instruction. In their absence there is 
nothing in science offerings to distin- 
guish between liberal arts science and 
technical or medical school science. It is 
precisely at this point that the most 
damaging criticisms of the sciences could 
be made by devotees of the humanities if 
they only knew enough science to make 
them. H. D. Gideonse, President of 
Brooklyn College, has remarked: 

Science as usually taught to liberal arts stu- 
dents emphasizes results rather than methods, 
and tries to teach techniques rather than to give 
insight into and understanding of the scientific 
habit of thought. What is needed is a truly 
humanistic teaching of science. 

President Emeritus Nielson, of Smith 
College, once wrote; 

Especially in the natural sciences is it the 
ease that the temptation to early and intense 
specialization has produced a specialist capable 
of training other specialists, but ill-adapted to 
educating youth between seventeen and twenty- 
two. 

Mark Van Doren has recently written : 

It will be a long time before teachers have 
the bravery to extend their knowledge beyond 
the specialties they started with. A truly co- 
herent curriculum demands that they should, 
and in some millennium they may. 

I hope that Van Doren is as mistaken 
in this outlook as I believe him to be in 
some of the rest of his educational phi- 
losophy, but he had good ground for his 
pessimism. 

Against the background of the inade- 
quacies of their own training, consider- 


ing the almost complete blind spot which 
the great majority of science teachers 
have at this point, it will be a long hard 
road for them to travel before they are 
able to meet their responsibilities as real 
educators in liberal arts colleges. Yet 
unless they discharge that responsibility, 
the sciences will, in the course of a cen- 
tury or less, disappear as a significant 
feature of the liberal arts program. It 
is cold comfort to realize that with such 
disappearance will occur the eclipse of 
the liberal arts college, for it cannot 
remain liberal after the amputation of 
what is potentially its most important 
member. 

But if such a catastrophe comes about, 
science teachers will bear an important 
share of the responsibility as the body 
which determined the character of sci- 
ence instruction in liberal arts colleges. 
The great danger in their teaching lies, 
as I have already hinted, in their pre- 
occupation with the training of special- 
ists. Not that they should not prepare 
specialists! They will always have to 
do that and do it well. The danger lies 
not in doing that job too well but in 
doing it exclusively. Professor Sigerist, 
of Johns Hopkins, remarked shortly be- 
fore the war : 

If the German academic world surrendered so 
readily to reactionary forces, it was largely due 
to the fact that it consisted of men who were 
specialists and nothing else. If we wish to edu- 
cate a citizen to be able to think in terms of 
science and a scientist prepared to participate 
in social action, we must change our teaching. 

There is reason to fear that we our- 
selves are not immune to the malady that 
overtook the German academic world. 
Because of the narrowness of specializa- 
tion characterizing our graduate train- 
ing and because of the pressure in later 
professional experience toward develop- 
ing a fertile and rapidly expanding field, 
our science teachers have all become pri- 
marily subject-matter specialists, and 
only secondarily educators. In some 
cases their preoccupation has been with 
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research; in others with the training of 
specialists, a very different undertaking 
than the problem of fitting one^s subject 
into a matrix of general education. 
Many of them seem, in fact, not to sense 
at all the change in the teaching problem 
which has been brought about by the 
great mass movement toward higher edu- 
cation that has occurred in this country 
during the past fifty years, still less the 
tremendous sharpening of that problem 
that has occurred with the cessation of 
hostilities. They will have to learn it, as 
the price of survival of their subjects in 
the liberal arts program. 

The very mold in which all modern 
thinking is cast was shaped in large mea- 
sure by such men as Copernicus, Galileo, 
and Vesalius in the sixteenth century, 
and the oftener and the more emphati- 
cally we say it and tell why, the better. 
Prior to their time all technological ad- 
vances were thought of in terms of nec- 
romancy — ^black magic. These men, to- 
gether with their contemporaries and 
successors, re-established the faith which 
had died with the Ionian Greeks, faith 
that the world was knowable to any man 
of intelligence, not merely the world of 
art and literature but the world of na- 
ture as well. That conviction had been 
lost for a thousand years, an era which 
we now call “the dark ages.” When it 
was regained, a world that had been 
palsied for a millenium began once more 
to move forward with the might and 
majesty that only a deep and abiding 
faith in its own potentialities could have 
generated. 

Once again, in this twentieth century 
era of specialization, we have all but lost 
the conviction that the world is know- 
able. If the second world war, with its 
v^t acceleration of technology, brings 
back the prevalent feeling of the dark ages 
that ail technology is necromancy, and 
encourages an attitude of frustration on 
the part of the edneational world toward 


the sciences, then the liberal educational 
program is doomed, and for that doom 
teachers of science will bear a major re- 
sponsibility. The fact is that, viewed in 
the large, scientists have done a very 
poor job at interpretation of their own 
field to their friends outside of it. To be 
sure, the warfare at the research frontier 
is exacting, and it is natural that those 
engaged in it should be loth to turn away 
from it to explain the fine points of the 
campaign to the people back home. But 
such preoccupation is suicidal. 

The worlds of art, music, and litera- 
ture have learned that lesson, perhaps 
because they had a head start of two 
thousand years on the sciences. Efforts 
to interpret art, music, and literature to 
the common man have, at least in recent 
“centuries, been a major concern to men 
in those fields, not an incidental, per- 
functory, and largely unwelcome activ- 
ity as is the ease with the sciences. In- 
terpretation of the sciences is a major 
responsibility of the science teachers 
themselves. They cannot delegate it to 
philosophers or historians, by very rea- 
son of the effects of curricular specializa- 
tion from which the educational world 
is now suffering. 

The opinion is frequently expressed 
that the wartime demand for the sciences 
will result in boosting their prestige 
enormously in the educational scheme. 
There is reason to fear, on the contrary, 
that unless wartime acceleration of the 
applied sciences is followed by a corre- 
sponding acceleration in general compre- 
hension and appreciation of the spirit of 
science, a serions rift will have been in- 
troduced into the structure of higher 
education which in the long run may 
cripple or even destroy it. The greatest 
and almost the only hope of salvation 
lies in the colleges of liberal arts. There 
is no undertaking to which such colleges 
could more appropriately or effectively 
address themselves. 



RIVER COME CLOSER TO MY DOOR! 


By CHARLES MORROW WILSON 


Ix TROPICAL, little-publicizecL Hon- 
duras tlie long incorrigible Ulna Eiver 
is being made to build from silt wastes 
thousands of acres of the richest of farm- 
ing lands. In this remote and least- 
developed of American nations, engi- 
neers and farmers from several of the 
Americas are causing one of the most 
violently destructive of rivers to change 
big areas of festering jungle swamps into 
highly productive farmsites. 

The Honduran venture, already well 
begun, is both a new page in inter- Ameri- 
can history and an unusually timely an- 
swer to the enormously urgent challenge 
of soil saving. Further, it is providing 
a new and timely approach to the age- 
old iDroblem of man versus the river. 

For rivers are far and away the most 
formidable looters and destroyers of pro- 
ductive lands. By primer economics for 
the great majority of nations jiroductive 
soil is the ultimate savings bank and 
reservoir of survival. Yet fertile soil is 
what we, like most other nations of the 
earth, keep right on losing by the bil- 
lions of tons, and the millions of acre 
feet. Soils are gouged away by ice and 
blown away by winds. But the really 
appalling and decisive losses are by w^'ay 
of the streams and rivers which each 
year in the United States alone carry 
away enough topsoil to feed at least ten 
million people — if the precious stuff only 
could be anchored and used. 

Year after year these stupendous soil 
losses go on — spreading like some night- 
marish and wasting disease over conti- 
nents and islands, involving tonnage 
losses which nobody can accurately com- 
pute — nor define in credible arithmetic. 
But one fact is certain: The displace- 
ment of soils by surface drainage waters 
and the misplacement of these soils by 
rivers is one subject about which exag- 


geration is next to impossible. For ex- 
ample, experiments made by the Uni- 
versity of Missouri in collaboration with 
the United States Department of Agri- 
culture, with a medium clay loam soil on 
a slight (3.6 degree) slope, located sev- 
eral miles from a major river channel, 
showed the following soil losses from 
water erosion : 

With a yearly rainfall of about 38 
inches, one acre of the test land, when 
plowed and left bare, loses about 40 tons 
of topsoil ; wdien planted in corn it loses 
about 20 tons; planted in wheat, about 
10 tons; and in a sequence of corn, al- 
falfa, and wheat, about 2.7 tons. If 
one begins multiplying such typical soil 
losses by the hundreds of millions of 
acres in cultivation, he stands a good 
chance of stalling his adding machine 
and wrecking his confidence in man’s 
prospect of survival. The experimental 
findings in soil losses via surface shed 
overstate those of level field lands, but 
definitely understate those of tens of 
millions of areas of sloping cultivations. 

There is nothing remarkable about the 
fact that people generally resent and 
fear rivers and regard them as chronic 
liabilities, despite all the pretty songs, 
nostalgic poems, and cozy local color 
books about rivers ; or the common 
knowledge that rivers are important, 
sometimes decisive, to national economies 
and histories. Yet even in these United 
States, where rivers have done so much 
to open frontiers, foal industries, and 
provide basic transportation, we, a na- 
tion of inveterate builders and unrivaled 
engineers, keep right on spending bil- 
lions of man-hours and dollars in work- 
ing against rivers — not with them. Our 
citizens or government agencies have suc- 
ceeded in harnessing” rivers for gen- 
erating electric power, irrigating dry 
117 
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lands, providing city water supplies and, 
in the illustrious instance of the Ten- 
nessee Valley Authority, effecting a 
really farsighted and well-rounded re- 
clamation program ; nevertheless, for 
every dollar or work-hour that we spend 
to cause rivers to produce value, we 
spend considerably more than another 
dollar in toilsome and oftentimes futile 
efforts to prevent destruction by rivers. 

In the United States, as in other coun- 
tries, a great part of these distinctly 
negative efforts have failed. We have 
built thousands of costly miles of levees. 
In some, though not in all instances, this 
has caused the bed levels of a given river 
to rise ever higher above the adjoining 
valley lands. Sometimes the levees tend 
to restrict the river ^s channel and 
thereby deepen it; frequently, they ac- 
complish the opposite. We built the 
levees higher, and thereby engendered 
still bigger overflows and ever graver 
hazards to more millions of acres of 
essential valley lands. 

It is true that some of the newer plans 
for river valley authorities and some of 
the recent works in headwater impound- 
ment are far more constructive and in- 
genious than the old-fashioned “levees 
of fear and doubts.’’ But by and large 
our prevailing estimates and strategies 
of river control are still the defensive 
sort. We keep on struggling to keep 
rivers from hurting us instead of devis- 
ing ways to make them help us. 

“01’ Man River,” the standout song 
from Showboaif reflects with folk-ballad 
honesty the riverbank worker’s solemn 
awe of the mighty Mississippi — ^which 
unlike the poor Negro stevedore is not 
obliged to sweat and strain, loading 
barges, lifting cotton bales, or serving 
time in jail. OP Man River just keeps 
rollin’ along, carrying uncounted mil- 
lions of tons of silt in suspension — ^whieh 
spells more and more millions of acres of 
onee-rich lands grown poorer, and more 
and more ruinous floods for the future. 


In terms of the valley man’s viewpoint, 
the folk ditty “River Stay Way from 
My Door,” with its somewhat lyrical 
pronouncement, “I ain’t breakin’ your 
heart, so don’t start breakin’ my heart,” 
is unusually pertinent. 

But the ever-troublesome ease of man 
versus the river is not limited to any par- 
ticular country or continent. It is a 
difficulty of mankind generally and a 
particularly serious problem for most of 
the Americas, especially true of the 
American tropics. The story of the 
Ulua of Honduras is broadly apropos of 
the grim battle because the Ulua is gen- 
erally typical of many other difficult and 
temperamental rivers. Long before the 
coming of white men native Indians had 
listed it as a “bad river.” The remark- 
able Hernando Cortes, who had ^ dis- 
tinctive skill for appraising farmsites 
and settlement locations as well as harbor 
sites, even while dubbing the Ulua Bio 
Malo, helped to found a port settle- 
ment near the river’s mouth and pointed 
out the extreme richness of the valley’s 
land. 

But the early Spanish farming settle- 
ments at the Ulna’s mouth presently 
died, and for three more centuries the 
swamps waited as a farflung reservoir 
for mosquitoes and pestilence. In Hon- 
duras, as in most Latin- American coun- 
tries, the towns and capitals grew inland 
among the foothills and mountains. Ex- 
cept for occasional fever-ridden squat- 
ters who built manaca shacks and tilled 
scraggly milpas or gardens along the 
scantily drained fringe of the built-up 
riverbanks, the lush coastal valleys of the 
Ulua were shunned and forsaken. The 
situation was broadly typical of a great 
many tropical rivers and of silt-bearing 
rivers generally, which tend to build up 
by silt deposit during overflow periods 
the areas immediately adjacent to their 
banks to a higher elevation than the more 
distant lands of their flood plains. 

This holds for the general topography 
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of the Ulna Basin which in a straight 
line extends in a southerly direction 
from the Caribbean coastline to the cor- 
dilleras of the interior near the town of 
Potrerillos. The actual distance is only 
about 60 miles but in its snakelike course 
the river meanders through 120 miles. 
In the course of time and twisting the 
river has formed an alluvial plain about 
four miles wide at its upper end where 
the Ulua, Blanco, and Comayagua riv- 


channel of the larger Ulua in its tortuous 
course through the sodden, swampy valley 
that spreads to the sea. In nine miles 
of its course the tributary Comayagua 
drops about M feet from the Santa Eita 
gap to its junction with the Ulua, which 
in turn drops about 36 feet more in 23 
miles to the somewhat tenable area of 
the banana operating center of El Pro- 
greso, thence by flattening grade of 
about 80 feet more in 85 miles to the 
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ers converge, broadening to about 15 
miles as the river proceeds towards the 
sea. 

The Ulua emerges westerly from the 
mountains into this extensive valley. 
The Kio Blanco, which originates in the 
Lake de Yojoa region, cuts in from the 
central section, and the Eio Comayagua 
emerges from the eastern side to form 
the mighty Ulua proper. The Coma- 
yagua Eiver flows through a break in 
the Sierra del Mieo Quemado (Burnt 
Monkey Mountains) to join the twisting 


open sea. The Chamelecon River is 
another silt-carrying tributary from the 
interior Copan region. 

The worrisome habits of the Ulua sys- 
tem are habitual and recurrent. In 
Honduras, autumn and early winter, 
from late September to March, are the 
heavy rain seasons, though minor spring 
floods are also experienced. October 
usually finds the Ulua and its tributaries 
at flood stage. For an average of 30 
days each year the river runs channel- 
full, and as the heavy interior and local 
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rains continue, the grim brown waters 
regularly spill over into the broad valley, 
in their haphazard manner sweeping 
away or burying in mud all farms, fields, 
buildings, bridges, and railroads in the 
course of the overflow, and eventually 
spilling the floodwaters farther down 
into a huge creseeiit of permanent and 
pestilential swamp lands. This had 
been going on for centuries, confirming 
the Ulna’s name as a bad or incorrigible 
river. Its transgressions tended to grow 
with the passing years. 

As with many alluvial streams, includ- 
ing the Mississippi and others in our 
country, as foot upon foot of silt settled 
in its channel, the Ulna’s bed and banks 
were built ever higher above the level 
of its adjoining valley, and the overflow- 
ing silt-loaded waters, flowing without 
control, deposited the silt haphazardly, 
choking up smaller tributary streams 
and otherwise forming barriers to the 
natural drainage of the valley. The 
swamp areas grew bigger and more 
menacing. 

The over-all prospects for effecting 
flood control for the Ulna were bad. 
One could build up embankments, re- 
vetments, and levees, the river bed 
would become higher, the flood would 
break farther down perhaps, but next 
year, or sooner, man’s puny work would 
have to be done again. However, in 
the instance of the Ulna there was only 
one reason why people vpanted to 
take farmlands in the swath of such a 
“mean bastard” of a river. Ulua lands 
are exceptionally good banana lands, 
well forward among the world’s best. 
The climate, rainfall, and wind shelters 
are basically right for bananas, which in 
matters of soil, drainage, and climate are 
among the “choosiest” of crops. Hon- 
durans and others had learned this even 
before the turn of the century, while the 
international banana trade was still in. 
its creeping infancy. 

As United States demands for bananas 


climbed and multiplied, peasants, local 
planters, and banana companies alike 
began to venture deeper into the wet, 
rich valley lands where the most coveted 
of tropical fruits grows so lushly. With 
passing years Ulua banana planting be- 
came decidedly important to the expand- 
ing banana trade. 

By 1919, along with a considerable 
number of citizen planters, two major 
banana companies were clearing and 
planting costly and (they hoped) high- 
yielding and long-lived banana farms in 
the Ulua valley. On the east bank, or 
Tela side of the river, were the men and 
farms of the already strong United Fruit 
Company, headed by the shrewd and 
thoughtfully quiet Andrew Woodberry 
Preston, of Boston. On the west bank, 
or Cortes side, were the farms and rail- 
roads of the Cuyamel Fruit Company, 
headed by the even more brilliant Samuel 
Zemurray, previously of Mobile, New 
Orleans, and Warsaw. 

As a matter of reason and expedience, 
both banana companies relied heavily 
on their respective engineering depart- 
ments. More or less coincidentally, two 
young civil engineers, Patrick H. My- 
ers of Tarheel, N. C., for Cuyamel, and 
Tom J. Barnett of Eureka Springs, Ark., 
for United Fruit, began independent 
studies of the rambling, flood-gutted 
Ulua. 

The initial work was tough, sweaty 
jungle-fighting ; exploring and surveying 
the mosquito- and alligator-infested 
swamps, lagoons, and arroyos; clearing 
the mighty forest trees and jungle bush, 
planting the bits or rhizomes of the 
bananas ; laying first railroads, building 
field hospitals, commissaries, and quar- 
ters ; and otherwise making the wet, hot 
valley lands livable and tenable. The 
banana-growing pioneers, like their pre- 
decessors, promptly learned to respect 
the Ulna’s moods and might. Seeking 
the usual goals of protection from de- 
stroying floods and providing essential 
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drainage of the fariiisites, they first 
raised levees and by use of large drag- 
line excavators discharge channels were 
opened through the series of clogged and 
congested swamplands to carry standing 
waters away from the planted fields and 
to reclaim for planting thousands of 
acres of silted lands adjacent to the 
riverbanks. 

It was exhausting work. On both 
sides of the river big planters and little 
planters alike continued to view the 
Ulna apprehensively. At first only 
fringes of riverbanks and minor areas 
of the valley lands could be planted. 
Many of the earlier banana fields were 
mere strips of two or three rows of the 
giant, pink-blossomed banana plants, 
(dosely paralleling the banks, which pro- ’ 
vided natural drainage for slim strips 
of lands immediately adjoining. 

Through urgent necessity the banana 
engineers and farmers began a closer 
study of the Ulna. Pat Myers and his 
assistants identified the fact that when 
the Ulua is at high mark, or ^ hanks 
full,’’ the river carries approximately 
one thirty-second of an inch of silt per 
square foot of land surface per cubic 
foot of w^ater. 

They approximated the Ulna’s aver- 
age annual discharge of water as some 
550 billion cubic feet per year. About 
one-third of the total volume passes 
through the channel during the princi- 
pal month of floods. They estimated 
that as a year-around average the Ulua 
carries about 137 parts of silt per 100,000 
of w-ater by weight. All this suggested 
that during an average year the Ulna’s 
w’aters carry in suspension enough 
highly fertile soil to cover about 25,000 
acres, or about 40 square miles, of val- 
ley land with a nine- to twelve-inch layer 
of the rich new soil — ^provided the silt 
loads could be dropped at the providen- 
tial time and place. 

Therein lay the real rub. Preliminary 
analyses of silt contents of the river 


water, both as to soil chemistry and phys- 
ical properties, w^ere encouraging. But 
how could the rapacious river be made 
to part with the valuable soil ? The text- 
book answer is: ‘^by controlling the vol- 
ume and velocity of the water flow^” 
That defines the basically simple, highly 
constructive tactics of ‘'practical sedi- 
mentation.” In view of the indisputable 
fact that soil is the most vital of natural 
resources, why has ingenious man paid 
so little heed to so vital a salvage? 

There is no satisfactory answer to this 
question. There are a few precedents, 
notably the century-old silt recovery pro- 
gram as practiced along the Nile Basin, 
in some instances at distances as great 
as 50 miles from the actual river chan- 
nel. But rivers, like people, are never 
precisely alike. The Nile is one of the 
longest of rivers. The Ulua is compara- 
tively short. The low’er Nile is exces- 
sively sluggish. Its grade, or “longi- 
tudinal slope,” is only one foot to 91,000 ; 
the Ulna’s is one foot to 4,500. The 
Nile’s silt load is proportionately slight. 
It deposits silt at the rate of about four 
inches in 100 years, or around one thirty- 
second of a foot per year. The Ulua is 
probably capable of building land at the 
rate of a foot per year — 1,020 cubic feet 
of the Ulna’s waters, containing one and 
one-third ounces of silt per cubic foot 
are theoretically capable of placing one 
foot of silt. But during much of the 
year the silt loads are greater than one 
and one-third ounces per cubic foot of 
w^ater. 

Along the Nile the beneficial strategy 
of soil creation via sedimentation 
emerged as a by-product of the necessary 
and vital irrigation practiced in that 
area. For centuries Egyptian farmers 
have drained or drawm the Nile’s water 
into settling basins for eventual distri- 
bution to valley fields or garden plots. 
They permit the river silt to settle to 
the basin bed, built parallel to land con- 
tours. After the bottoms of the basin 
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have become spread with a replenishment 
of rich soils, they plant the earlier basin 
sites to crops. 

But irrigation was and remains the 
real motive back of soil building along 
the Nile. Essential flood controls and 
farm drainage paved the way to land 
building along the Ulna. But as an en- 
gineering feat, soil building by way of 
sedimentation along the Ulna is far 
more difficult than silt recovery along 
the Nile. 

Late in 1919, Pat Myers, the gracious 
and imaginative civil engineer from 
Carolina, abetted and supported by 
Cuyamel’s president, Samuel Zemurray, 
who knows the Ulua Yalley as thor- 
oughly as any man living, began a first 
soil-building venture on the left or west 
bank of the Chamelecon, shortly above 
its confluence with the Ulua. The pri- 
mary objective was that of protecting 
low-lying farms from violence by floods. 


The first trial sought only to recover a 
small fraction of the silt loads available. 
Nevertheless, within twelve years a first 
5,000 acres of land, with silt deposits 
ranging from six inches to ten feet, had 
been built up by planned and controlled 
flooding and silting operations. By mod- 
erate estimate, these first river-built 
lands are worth at least $200 to $400 
per acre, or a million to two million dol- 
lars. 

Still more valuable were the practical 
lessons learned, and the work manuals 
provided. In the beginning Pat Myers 
and his helpers had determined that a 
current velocity of around 4.5 miles per 
hour is best for purposes of land build- 
ing. Faster currents are almost certain 
to spread heavy graveh, stone, driftwood, 
and other undesirable materials over the 
prospective fields without depositing the 
finer and lighter silt. 

The successful exploitation of current 
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velocity calls for extreme finesse. Pat 
Myers and his men began to experiment 
with spillways at points along the river- 
banlc to encourage the inflow of the flood- 
waters, and the use of various types of 
collapsible check dams, or wide-crested 
weirs, the latter built to facilitate the 
spreading of silt by waters drawn di- 
rectly from the river channel and guided 
by inlet channels leading from the spill- 
ways to the lower waste areas. They em- 
ployed dragline dredges and steam shov- 
els to dig surface canals, or bouqiieras^ by 
means of which the river waters that 
poured through the spillways during 
high river stages could be swept back 
and forth at controlled velocity to the 
low stretches of valley where channel 
grade reduction and the lush swamp 
growths retarded the current, to cause the 
silt deposition where desired. That per- 
mitted the silt to settle on, and so build 


up, the swamp sinks that particularly 
needed building up. 

The earlier phases abounded in toil- 
some and expensive trials and errors. 
But the rudiments were encouragingly 
simple: to minimize levee building; to 
cut into the river channel and take out 
the muddy water before it reaches bank- 
full flood stage by diverting it into 
hoqueras so built and arranged that the 
silt-bearing water can be distributed or 
^^swish-swashed’’ in a manner to retard 
its current and cause the silt load to be 
dropped as advantageously as possible; 
then to provide exits for the silt-free 
waters. 

The method in principle also controls 
the flood stages of the river and thereby 
reduces or avoids the former flood dam- 
age to improved areas of the valley lands. 

Cuyamers first successful silting proj- 
ects involved changing 5,000 acres of low, 
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miry valley swamps to tenable lands by 
the processes and strategies of silt re- 
covery. A typical recovery district in- 
cluded 19 surface cliannels, each an aver- 
age of two yards wide and from 2 to 2.3 
miles long, spaced about 400 yards apart. 
To fill these canals silt-bearing waters 
were taken out of the river channel by 
way of a broad, shallow intake canal at 
the riverbank, the canal about 240 feet 
across and eight feet deep. For dis- 
charging the spent waters from the 
l)oqueras Pat Myers and Cuyamel de- 
signed two broad, shallow drainage ca- 
nals, one about ten miles long, the other 
about seven. 

The first planning, though far from 
perfect, presently began to “take.’’ In 
time the houqueras and the swamplands 
between them became leveled and en- 
riched by silt deposits ranging in depth 
from six inches to ten or twelve feet. By 
1934 several thousand acres of the “made 
lands” were bearing profitable crops of 
bananas. Valuable lands had actually 
been created by controlled sedimentation. 

Without any widespread notice the 
land building continued. Along the east 


side of the Ulna, the United Fruit men 
were finding more thousands of acres of 
bothersome swamps which by drainage 
and sedimentation could eventually be 
changed to valuable farming sites. 
Though the estimates have varied, Bar- 
nett and Mj^ers and their assistants 
confidently predicted that in the valley 
as a whole at least 90,000 acres, or per- 
haps 100,000, of useless and troublesome 
swamplands could eventually be built 
into superb farming lands by the proc- 
esses of sedimentation. By late 1929 
when Cuyamel and United Fruit joined 
forces and properties, the land-building 
technique was rather clearly proved, 
even though some of its tactical details 
had not been perfected or agreed on. 

But the banana homhres continued 
the land building along the Ulua. They 
have effected about 9,000 more acres of 
“upbuilding” on the east bank — in the 
Palomas and La Fragua sections, on the 
Tuaymas, Mezapa, Toloa, Melcher and 
Meroa banana farms, and other banana 
farmsites, including Guanacastal, Tica- 
maya, Kele Kele, Tibombo and Mana- 
colito on former Cuyamel lands to the 
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west. More recently privately owned quires tlie use of enormously expensive 
banana properties, such as Finea Oro floating and other equipment. The costs 
and the Bmichiche Estate, have joined in .are certain to be heavy, at least $100 per 
the land-building venture. ''built acre,'’ most probably even more. 

The total was well past 15,000 acres as The background work alone will cost mil- 
World War II began, enough to place the lions. The time factor is likewise eon- 
work clearly beyond the experimental siderable; an 18-inch silt deposit in five 
stages. War shortages of the needed j^ears is the mean rate of land building 
heavy machinery and available ships de- contemplated. 

layed the work considerably. But the Good civil engineering has been and 
Ulna land-building enterprise goes on — will continue to be essential, a caliber of 
with the strong likelihood that the goal engineering that can coordinate the nec- 
of 90,000 to 100,000 additional acres of essary flood control and surface drainage 
river-built farm lands will ultimately be work with effective land building. Me- 
reached. chanical engineering is also requisite 

For the relatively little Ulua that is a since the work requires ingenious con- 
big order. It requires, among other trols, such as automatic floodgates, to 
things, that the deep lower swamps be keep the flood loads within river channels 
striated with immense discharge canals and to avoid spreading the heavier sands 
leading 25 miles or more indirectly into and debris upon the tillable lands. The 
the Caribbean. This calls for the exea- task requires skillfully built intake ca- 
vation of around 75 miles of such canals nals; the building of costly cement tun- 
and the removal of at least 60 million nels to carry silt-laden waters to the more 
cubic yards of mud, which in turn re- distant field sites; and stubborn sucees- 
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sions of well-designed spillway channels, 
or sluice cuts, to be filled with silt, blocked 
off, and replaced with other louqueras. 

Drainage of the built lands, which is 
essential for growing bananas, or almost 
any other profitable crop, poses further 
problems. Where '' natural” or gravity 
drainage is not possible the standing 
water must be pumped away. And there 
are few absolute rules for building lands 
from river-borne silt. Each river, in- 
deed each section of river with its imme- 
diately adjoining lands, presents specific 
problems and challenges. In some in- 
stances the native vegetation — trees or 
bushes or grass — can be used advanta- 
geously as anchorage for the silt depos- 
its. But in one way or another the river 
water must be taken out of its regular 
channel and guided at prescribed veloc- 
ity to low areas. 

Pat Myers, now returned and retired 
to his North Carolina farm, agrees that 
building land by sedimentation is not 
magic — ‘‘It only looks and acts like it.” 
Like other apparent feats of magic, in- 
veigling a scoundrel of a river into build- 
ing valuable land calls for exact timing. 
The general planning has to be shaped 
months or years in advance of the loca- 
tion work. But the latter frequently de- 
fies rules and calls for improvisation. 

The Ulna adventures have proved that 
valid soil recovery and soil building can 
be accomplished. The land so built is 
not necessarily cheap, but it is immensely 
fertile. With its generally favorable to- 
pography and climate, the progress in 
river buildmg of lands can assure the 


otherwise untenable Ulua Basin a per- 
manent place as the No. 1 reservoir of 
the international banana supply, a fact 
of more than casual importance to con- 
sumer markets throughout North Amer- 
ica, the British Isles, and Western Eu- 
rope, with their more or less habitual 
banana eaters. Only an infinitesimal 
percentage of tropical lands, probably no 
more than one-twentieth of one percent, 
is suited to growing bananas profitably. 

As already noted, the Ulua Valley, as 
refurbished by sedimentation, is prob- 
ably the world’s most favored banana 
site. But the possibilities of the Ulua 
land building outreach and outweigh the 
perpetuation or the well-being of any one 
crop. Most other crops also thrive on the 
silt-built lands — ^more lushly than on any 
other. Banana growers, in the line of 
business and with a routine profit motive, 
have made the Ulua Basin an interna- 
tional proving ground for land building 
via recovery of river silt. 

Though it provides no absolute for- 
mula for land building in other river 
basins, the Ulua venture is significant 
laboratory work. A great deal of de- 
tailed study is requisite to venture a 
guess as to how applicable its reclamation 
may be to silt-bearing rivers in the 
United States or other Americas. But 
the challenge is defined rather clearly 
and the scope of importance keeps right 
on growing. Here in an American back- 
ground, people are reclaiming at least a 
fragment of the colossal, incessant soil 
loot that is collected and in most in- 
stances destroyed by rivers. 




FROM DUNGEON TO TOWER 

By F. L. CAMPBELL 


The continuing appeal of the A.A.A.S. 
to its members and friends to provide 
funds for a building to house its admin- 
istrative, business, editorial, and service 
personnel has stressed the inadequacy of 
space that the Smithsonian Institution is 
now able to provide. Indeed, the activi- 
ties of the Smithsonian could easily ab- 
sorb the space that we now occupy, and 
it is possible that we, as guests, have be- 
come a burden to our generous hosts. 

Few members of the Association 
have seen our quarters in the Smith- 
sonian Institution Building. Therefore, 
we thought it might be appropriate and 
helpful to demonstrate by means of four 
photographs the conditions under which 
we are now working and the use that is 
made of present space. We are now 
occupying one room on the second floor 
(22x25 feet), three rooms on the third 
floor (14 X 14, 17 x 18, and 14 x 14 feet), 
one room on the eighth floor of the Tower 


(9 X 13 feet), and one room on the ninth 
floor of the Tower (9 x 13 feet). 

Let us begin at the bottom and work 
up. To reach the second-floor room, for- 
merly used for storage only, one must go 
to the third floor, walk to the rear of tne 
building through the herbarium, and 
descend a stone stairway only 35 inches 
wide. One feels that he is going down 
to a dungeon, and so we have come to 
speak of this room as "'the dungeon.’’ 
Before fluorescent lights were installed 
the room itself was reminiscent of a 
dungeon because only a little light enters 
through the high portholes shown in 
Figure 1. During the past year it be- 
came necessary to use this room for an 
office as well as for storage. Supplies, 
symposium volumes, back issues of the 
SM, and various records were stacked on 
shelves to the ceiling on three sides of 
the room. Office furniture had to be 
taken apart to carry it down the narrow 


EIG. 1. THE DUNGEON, OEEICE OE THE PERMANENT SECRETARY 
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stairway. Keceutly, the Permanent Sec- 
retary, Dr. P. E. Moulton, felt it neces- 
sary to vacate his office on the third floor 
and move to the dungeon in order to pro- 
vide more space for the business office. 
Thus in Figure 1 we find the chief ad- 
ministrative officer of the Association 
(facing the camera) talking with a visi- 
tor in a room that would be spurned by 
any executive less determined than Dr. 
Moulton to serve the Association. AVe 
shudder to think of the impression of 
the Association that visitors receive when 
they finally reach the dungeon. 

AVe are glad to ascend again to the 
third floor and go to the front of the 
building where the Association’s busi- 
ness office has fairly normal windows. 
The photograph shown in Figure 2 was 
taken from the doorway of Dr. Moul- 


ton’s old office, now used by the new 
Administrative Assistant, Dr. John M. 
Hutzel. Only the central office and a 
glimpse of the room beyond can he seen 
in this picture. The filing drawers in 
the background contain cards bearing 
the names and addresses of members of 
the Association and a record of their 
imyinent of dues, etc. Desks and other 
filing cabinets leave little room for pas- 
sage. Here must be handled thousands 
of checks, subscriptions to the SM, in- 
quiries regarding membership and jour- 
nals, changes of addresses, orders for 
copies of symposium volumes and the 
SM, solicitation of new members, and — 
perfection being impossible — complaints. 
The volume of record-keeping and mail- 
ing done in this little office is stagger- 
ing, and the lights burn there nearly 
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every night. In the far room are the 
files of addressograph plates and the 
addressograph and stamping machines, 
together with supplies and a large col- 
lection of college and university cata- 
logues. We wonder that the clerical 
help is willing to work under such pres- 
sure and crowding, and, indeed, the 
turnover has been high. The training 
of each new employee adds to the almost 
intolerable burdens of the manager of 
this office. 

Let us leave this sweatshop and go to 
the best of the Association’s rooms — ^the 
office of the editor of the SM on the 
eighth floor of the Brownstone Tower. 
To be sure, it is very small and a fire- 
trap, but the view is inspiring, and it is 
warm in winter and cool in summer. 
The photograph (Fig. 3) shows about 


half of the room including the north 
and west windows. The editor has his 
feet on the visitor’s chair, and his assis- 
tant works at her desk. We could not 
show the vertical steel ladder in front of 
the south window, nor the elevator, sink, 
and filing cabinet. In ease of fire we 
would have to open the trapdoor in the 
floor, climb doAvn the ladder to the floor 
below, and open a window to a fire 
escape that leads to the roof of the main 
building. After having reached the roof, 
we could probably find a spot from 
which we could jump into the firemen’s 
bouncer. If it is necessary to enter or 
leave the room when the elevator breaks 
down, the ladder must be used. Fortu- 
nately the elevator is fairly dependable, 
and i have had to climb the ladder only 
about twice. a year. For a woman, how- 
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FIG. 4. THE EXECHTIYE SECEETAET^S OFFICE IN THE BEOWNSTONE TOWEE 


ever, the prospect of using the ladder is 
not pleasant. 

The same hazards and inconveniences 
apply to the floors above. The ninth 
floor of the Tower (Fig. 4) is occupied 
by Dr. Howard A. Meyerhoff, Executive 
Secretary, and Mrs. Meyerhoff. When 
Dr. Meyerhoff moved into this room, con- 
taining only a table and chairs (the cabi- 
nets are used by the Smithsonian), it 
was understood that he might be asked^ 
to vacate at any time. He could move 
into the dungeon, but his makeshift room 
in the Tower seems the lesser of two 
evils, so he clings to it. Because his 
space is temporary, he does not have 
filing cabinets or a telephone. A geolo- 
gist, he must use w&at Austin H. Clark 
caBs Ihe geological filing system, that is, 
the building up of sedimentary deposits 


of letters on a table top. If he can re- 
member the various strata on the table, 
he may find what he wants when he 
wants it. 

Dr. Meyerhoff uses our telephone, and 
we call him to it many times a day either 
by shouting or pounding on his trapdoor. 
Unless the elevator is standing at his 
floor, he opens the trapdoor and climbs 
down the ladder to answer the telephone, 
then he climbs up again. It is very good 
exercise for an office worker, but some- 
how it seems ridiculous for an executive 
officer of the Association to spend so 
much time climbing like a monkey. 

Our medieval excursion from dungeon 
to tower is over. Tell us what you think 
of it — ^preferably by sending us a slip of 
paper inscribed, ‘‘Pay to the order of the 
A.A.A.S. Building Fund.’’ 


AFRICA NEEDS PALMS AS TREE CROPS 


By O. F. COOK 


The native flora of tropical Africa is 
remarkable for tbe paucity of palms. 
Bach of the continents has its distinctive 
palms, but the African series is ex- 
tremely short. In the absence of under- 
growth palms, the African forests appear 
much less tropical than those of Central 
and South America, and most of the open 
bush country in Africa is without any 
palms. African coast settlements have a 
few coconut, date, or oil palms planted in 
gardens or allowed to grow from chance 
seedlings, and the oil palms often spread 
in wastelands, but relatively few interior 
districts have palms in abundance. 
Thousands of photographs of interior 
landscapes have been published in works 
of travel during the past half century, 
but they seldom show palms, and in these 
books the native kinds are rarely men- 
tioned. 

Although the tropical area of Africa 
is the greatest of any continent, most of it 
is wasteland, denuded and depopulated 
through recurring cycles of native agri- 
culture and the repeated cutting and 
burning of the forest to make temporary 
clearings for rice or other field crops. 
The tillage methods often urged by visi- 
tors from temperate regions are destruc- 
tive, inducing more rapid erosion. The 
practical alternative in tropical agricul- 
ture is to develop the use of trees and 
tree crops to obtain permanent protec- 
tion for the soil. In such a reclamation 
of Africa by tree crops the palms may 
be expected to contribute more than any 
other group of plants. Some of the 
native palms are capable of being util- 
ized extensively, and many useful kinds 
from other countries could be intro- 
duced. The range of specialized adjust- 
ments to particular conditions of growth 
is remarkably varied among the members 


of the palm group, from shaded forest 
depths and seething tropical swamps to 
chilly mountain summits, windswept sea- 
coasts, and the barest, hottest deserts. 

In the tropical belt of Africa only four 
families are represented among the 
native palms, and the indigenous genera 
are much fewer than in Asia or in the 
islands of the Indian Ocean. Other palm 
families are highly developed in the Ma- 
lay region, but are wanting in Africa. 
All the genera in tropical Africa are the 
same as or closely related to palms found 
in Asia or in Madagascar, the island it- 
self, however, having many more palms 
than the continent. Queensland, the 
tropical corner of Australia, has more 
native palms than the entire continent 
of Africa. 

From tropical Africa about fifty spe- 
cies of palms have been named, whereas 
from the American tropics more than 
twenty times as many palms are known, 
and many new species are still being dis- 
covered. In contrast to the four families 
of palms found in Africa, fourteen fami- 
lies are recognized in America, most of 
them not represented in the Old World. 
Cuba, Haiti, and Trinidad have notably 
richer palm floras than tropical Africa. 
Even the tropical extremity of Florida 
has its native palm flora with nearly as 
many kinds as the tropical belt of Africa. 
The palmettos frequently appear as 
dominant features of the landscape in 
Florida but never in Africa. Two of the 
African genera, Chamaerops in North 
Africa and Jubaeopsis in South Africa, 
are not found in the equatorial belt, but 
are definitely extratropieal, like the pal- 
mettos of our southeastern states and the 
molasses palm of Chile, Jubaea chilensis. 
The Chilean and the South African 
palms are closely related, as are the 
131 
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Mecliterraueaii Chamaerops and the 
Sereiioa, or saw palmetto, of Florida. 

On the American continent the tropi- 
cal A^egetation includes diversified local 
floras of small undergrowth palms, often 
a dozen or twenty kinds in the same 
locality. There are hundreds of species 
of these small shade-tolerant palms in 
tropical America, classified in numerous 
genera of seA'eral families, AAuth various 
adaptive features. Other groups of 
plants in tropical America are remark- 
ably specialized for life in forests • as 
undergrowth or as epiphytes, notably 
cyclanths, orchids, begonias, bromeliads, 
eannas, and Helieonias. The Asiatic 
series of specialized shade plants also 
includes many palms not represented in 
Africa. 

The comparative development of the 
undergrowth types of vegetation may be 
taken to indicate the relative age of for- 
est associations of the continental areas. 
In such a reckoning the forests of tropi- 
cal America appear to be the oldest, those 
of Asia intermediate, and the forests of 
Africa more recent, a relation consistent 
in general with the westerly direction of 
the trade winds. The world- wide distri- 
bution of the ancestral palms doubtless 
Avas attained in advance of the forest 
period. Continuance of the open prefor- 
est conditions in Africa is indicated by the 
AA’ealth of terrestrial mammals, whereas 
in the forests of South America the mam- 
mals are largely arboreal, hardly less 
specialized than the birds for living in 
the treetops, as Bates so vmdly described 
in The Naturalist on the Biver Amazons. 

Battans the Only Forest Palms. In 
most of the African forests the only 
palms, if any, are the very slender, long- 
jointed rattans trailing like lianas among 
the treetops, where travelers seldom see 
them. The leaves of the rattans have 
long midribs extended far beyond the 
pinnae to form slender climbing organs, 
beset with hooked spines. Botanists have 


recognized Calamus and four other gen- 
era of rattans in Africa, but Avith differ- 
ences apparently no greater than among 
the hundreds of Malayan species referred 
to Calamus or to Plectocomia, all with 
similar habits of climbing above the for- 
est canopy and keeping out of sight, 
unless from airplanes. 

Two localized genera of A^ery small 
palms, Sclerosperma and Podococcus, 
AA'^ere described in 1864 by Mann and 
■Wendland from swampy places along the 
Gabon and neighboring rivers, but ap- 
parently not spreading as forest under- 
growth. Excellent drawings of these 
palms and of tAA^o of the African rattans 
were published and are reproduced in 
Figure 1. Young rattan palms, before 
the stage of climbing, are shoAVii at the 
lower right-hand corner of the illustra- 
tion. Other localized species of Sclero- 
sperma and Podococcus have been re- 
ported from neighboring districts, but 
the later explorers have not diseoA^'ered 
additional genera. 

The Bapliia, or Wine Palms. After 
taking account of the rattans and the oil 
palms only four other African palm 
types remain. The type that occurKS most 
widely, scattered along riverbanks or 
clustered in open SAvampy lands, is known 
in Africa as the wine palm, the genus 
Baphia, and is found also in Madagascar 
and in tropical America. The trunks 
usually are short and the leaA^es few, very 
long, and spreading. The African wine 
palms formerly were supposed to repre- 
sent only one species, Baphia vinifera, 
but several local kinds have been named. 
Two were described b}" Mann and Wend- 
land from the island of Corisco off the 
coast of Cameroon: Baphia longiflora 
and Baphia hooheri, the first with short 
trunks, the second a rather majestic 
palm, with trunks thirty feet high and 
leaA^es forty feet long (Pig. 2). The 
larger species was reported to have been 
culth^ated by the nath^es at old Calabar. 




ON THE LEFT AEE TWO DWARF PALMS, FodOCOCCUS, WITH SEPARATE SLENDER TRUNKS, AND IN THE 

CENTER IS Selerosperma, with the leafstems closely crowded, in central background and on 

THE RIGHT ARE TWO CLIMBING HOOK-LEAVED RATTAN PALMS: CalamUS l<l€Vis (CENTER) WITH RELA- 
TIVELY SHORT LEAVES AND TAPERING PINNAE, AND FIVE STALKS OF CalamUS SecundiflOTUS (RIGHT), 


THE THREE UPPER STALKS WITH LEAVES OF THE MATURE FORM AND TWO YOUNG STALKS BELOW. 
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EIGr. 2. TWO AFRICAN WINE PALMS 

THE WINE PALMS AT?,Ty CHARACTERIZED BY THE YERY LARGE LEAVES WITH REGULAR SPREADING PINNAE. 
TWO SPECIES OP WINE PALMS WERE POUND BY MANN AND WENDLAND GROWING ON THE ISLAND OP 
WRISOO IN THE GULP OP GUINEA. THE SMALLER SPECIES, MapMa longiflora, HAS ONLY A SHORT TRUNK 
T.TCTg MOST OP THE OTHERS, BUT MapMa hOOTceri IS REMARKABLE FOR ITS SIZE — THE TRUNK MAY BE 
70 FEET HIGH AND THE LEAVES 40 PEET LONG WITH 190 TO 200 PINNAE ON EACH SIDE OP THE MIDRIB. 
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The fruits of Raphia are characteristic, 
two to four inches long, elliptic in out- 
line, and covered with smooth, shining 
scales like pine cones. Each fruit con- 
tains a single, large ivory-hard seed, the 
surface coarsely wrinkled and sur- 
rounded in the fresh state by a thin flesh, 
yielding an edible yellow oil like that of 
the oil palm, Elaeis. Fibers of two kinds 
are obtained from Raphia: a soft so- 
called raffia stripped from the epidermis 
of the young unopened leaves, and a 
coarse piassava fiber retted from the 
leafstalks. 

The Borassus, or Pahnyra Palm, The 
massive palmyra palm, Borassus flatelli- 
fer, extensively cultivated in the East 
Indies, is represented in Africa by a 
closely related species, Borassus aethi- 
opuniy one difference being that the trunk 
of the African species is more definitely 
thickened near the middle. A height of 
100 feet or more is attained, Avith a diam- 
eter of two to three feet. Forests of 
Borassus are reported in the w-estern 
Sudan and along the coast of Angola, 
and it occurs locally from Senegal to 
Mozambique. The stiffly radiating seg- 
ments give the leaf blades a spread of 
about five feet. A Augorous young palm 
growing in the open forms a cylindrical 
croAvn of deep green leaves reminiscent 
of the early stage of Washingtonia ro- 
husta in California. A young Borassus 
palm on the St. Johns River in the Bassa 
district of Liberia is shoAvn in Figure 3, 

The fruit of Borassus is nearly round, 
six to eight inches in diameter, the larg- 
est of any palm except the coconut and 
the so-called double coconut of the Sey- 
chelles Islands near Madagascar, which 
is related to Borassus. The husk of the 
fruit is smooth outside and fibrous 
within, normally containing three flat- 
tened, fiber-covered, hard-shelled nuts, 
embedded in a sweetish pulp. In India 
the palmyra palm is valued chiefly for its 
sugar-bearing sap, while the trunk, leaf 



Photo ly G-uy N, Collins 


EIG. 3. A YOUNG BORASSUS PALM 

THIS SPECIMEN, NEAR ST. JOHNS RIVER, LIBERIA, 
IS GROWING IN A NEGLECTED COFFEE PLANTING. 

stalks, and leaves are a source of wood, 
fiber, and paper. The germinating seed- 
lings form a starchy, edible underground 
bulb like an inverted parsnip. As in 
most of the palms, the terminal bud is 
tender and edible, like cabbage, though 
in a few kinds the tissues are too bitter 
or acrid to be eaten raw. 

Commercial Importance of the Oil 
Palm. One palm in tropical Africa has 
outstanding commercial importance, the 
African oil palm, Elaeis guineensis (Fig. 
4) , which furnished the principal exports 
of the West Coast of Africa after the 
slave trade Avas suppressed. Because 
palm oil was used for feeding the Negroes 
on the slave ships, it was generally be- 
lieved that the oil palm was indigenous 
to Africa, but, as I have shoAvn in the 
SM, June 1942, it now appears to have 
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been introduced (Fig. 5) from Brazil 
in the early colonial period to tbe Portu- 
guese settlements on the West Coast. 
The oil palm grows in a wild state on 
the coast of Brazil, and a closely related 
genus (Alfoiisia) occurs throughout 
northern South America and in Panama 
and Nicaragua. The oil palm is now 
widely distributed in tropical Africa, 
especially along the West Coast, and 
often in great numbers, vsince it spreads 
readily in open places. 

The trunk of the oil palm is somewhat 
thicker and more erect than the coconut 
palm, with the leaves more numerous and 
forming a dense, feathery crown, on ac- 
count of the pinnae standing at various 
angles to the midrib, and not in regular 
lines as on coconut leaves. The plum- 


like fruit grows in densely crowded heads 
protected by needlelike spines. The yel- 
low palm oil comes from the outer flesh 
surrounding the black palm nut, with its 
hard, brittle shell and its white palm 
kernel, in taste and texture like the meat 
of the coconut. The kernel oil is clear, 
transparent, and tasty like coconut oil. 
In addition to the yellow palm oil, vast 
quantities of kernels are exported and 
the oil is expressed in Europe and Amer- 
ica. In Africa, for emergency use, a 
little kernel oil may readily be extracted 
by parching handfuls of kernels for a 
few minutes in a hot kettle, for use with 
rice or cassava. 

The Date Palms^ Cidtiva.ted and Wild, 
The cultivated date palm, Phoenix dac- 



Photo hy Guy N. Collins 

PIG. 4. OIL PALMS IN LIBEEIA 

THESE PALMS BEVELOP ONLY IN OPEN PLACES. HERE THEY AEE GROWING BY THE SEA NEAR MONROVl.A. 
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From Monteiro 

FIG. 5. OIL PALMS ON THE QUANZA RIVER, ANGOLA 

IN THIS DISTRICT THE EARLY PORTUGUESE MISSIONARIES MADE PLANTATIONS OF COCONUT AND OIL 
PALMS. ANGOLA "WAS COLONIZED BY WAY OF BRAZIL, WHERE THE OIL PALM OCCURS IN A WILD STATE. 


tijlifera^ is a desert species, planted 
chiefly in Egypt and the oases of the 
Sahara, also in Seneg'al and the Sudan. 
As recognized in Pickering ^s Baces of 
Man (1876), the cultivated date palm 
probably was not indigenous to Africa. 
Bertram Thomas in Aralia Felix (1932) 
shows a photograph of wild date palms 
growing on sandy flood banks in a previ- 
ously unexplored district of southeastern 
Arabia, these conditions affording full 
exposure, with no competing vegetation. 
The photograph of these Arabian palms 
shows large symmetrical crowns of 
spreading leaves, only remotely like the 
wild dates in Africa. The cultivated 
date is definitely a sun palm, not making 
vigorous growth under shade conditions. 

The native dates (Pig. 6) in tropical 
Africa, usually referred by botanists to 
Phoenix recUnata or to Phoenix spinosa^ 
are slender, small-fruited palms, forming 
clusters of offshoots among stunted vege- 
tation along the seacoasts, and sometimes 


on riverbanks or in swamps. These wild 
date palms are little used by the natives, 
but because they sometimes furnish fiber 
and palm wine, they are often confused 
with Raphia palms. A critical distinc- 
tion is that the pinnae of the date palm 
leaves are V-shaped in cross-section, be- 
cause in the bud stage the pinnae are 
folded upward, whereas Raphia and all 
the other palms have the pinnae folded 
downward, with the groove underneath. 
The date palms in reality are related to 
Chamaerops and other fan palms but 
appear different on account of having 
separate pinnae on a strong midrib. The 
leaves of fan palms are formed of radi- 
ating segments folded upward like the 
pinnae of Phoenix, but not separated. 

The Doiim, or Ginger Bread Palms. 
The doum palm of the Egyptian deserts 
is Hyphaene thehaica, and similar spe- 
cies are widely scattered in the Sudan 
and other dry districts, south to Mozam- 
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From Fechuel-Loesche 


THE NATIVE DATE PALMS OT TOOHCA^Sa H^ATO ^SLeJSe, CURVING 

r™ "rv\rrN“ o^rz xTn™o RIVERBANKS. and SEAOOASTS. 


bique and Angola (Fig. 7). The leaves 
are fan-shaped as in Borassns, but the 
palms are much smaller. The fruit, only 
two to three inches in diameter, is some- 
what pear-shaped or irregular. It has a 
hoUow kernel, white and very hard, like 
vegetable ivory, encased in a black, bony 
shell, and this is surrounded by a rather 
woody, brownish rind with a pungent, 
sweetish, ‘^gingerbread^’ taste and smell, 
not unlike the edible pods of the mes- 
quite or the earob. A similar palm called 
Medemia is reported from Nubia as hav- 
ing bitter, inedible fruits. Seeds^ of 
Medemia have been found in ancient 
graves. 

Remarkable resistance to heat and dry- 
ness is an outstanding feature of the 
doum palms and may render them use- 
ful in the reclamation of districts that 
now are badly deforested. Even in the 
superheated depressed valleys explored 
by Nesbitt between the Abyssinian high- 
lands and the Bed Sea, doum palms were 
found growing in the salt-sinks, beyond 


the range of any other vegetation and 
under the most extreme conditions. The 
title of Nesbitt’s book, The Hell-Hole of 
Creation, seems appropriately to mark 
this outstanding adaptation of the doum 
palms to difficult conditions. The lack 
of a proper desert flora of surface succu- 
lents or other plants specialized to grow 
in the open in the Egyptian and Arabian 
deserts may mean that original forest 
covering was general and that the pres- 
ent extensive wastes are artificial. 

Reclamation with Tree Crops. The 
need of tree crops is urgent in many dis- 
tricts on account of the rapid increase 
of native populations during the period 
of colonial control of tropical Africa by 
European nations. Many of the primi- 
tive tribes have reached the limit of their 
food supply. The native life may be said 
to have ended, since a different footing 
must be found for the future. Cutting 
and burning the forest to make tempo- 
rary clearings for rice or other field 
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crops has resulted in extensive replace- 
ment of forests with open wastes or fire- 
swept grasslands. Tree-crop agriculture 
is more desirable, because erosion is 
avoided and permanent systems of pro- 
duction become possible. 

Tree crops have been little used in 
tropical countries, and those contributed 
by families of plants other than palms 
are mostly fruits or nuts, such as the 
avocado, the sapodilla, the mango, the 
cashew, and the Brazil nut. However, in 
the palm group alone, five of the princi- 
pal requirements of human existence — 
starch, sugar, oil, fiber, and building ma- 
terials — are obtainable from tree crops. 
Some of the useful palms, such as the 
date, the palymra, the sugar palm 
(Arenga), the coconut, and the peach 
palm (Guilielma), have been cultivated 
elsewhere for long periods, and several 
others have been exploited extensively 
in the wild state. Examples are the sago 
palm (Metroxylon) and the rattan (Cala- 
mus) in the Malay region; the wax palm 
(Copernicia), the babassu (Attalea), and 
the assai (Catis) in Brazil; the vegetable 
ivory (Phytelephas) in Ecuador; and 
the molasses palm (Jubaea) in Chile. 
Other oil palms of potential value have 
only recently become known, such as 
Bornoa in Haiti and Ynesa in Ecuador. 

Wider utilization of the oil palm in 
Africa may be a first project in tree 
crops. Palm oil is produced extensively 
in West Africa, but usually from wild 
palms. The seeds are widely scattered, 
and a little care in keeping the weeds 
from shading and smothering the volun- 
teer seedlings might increase the food 
supplies of many tribes in a few years. 
A basic ecologic fact has been overlooked, 
even by scientific writers; the oil palm, 
like the coconut, is definitely a sun plant, 
requiring full exposure for normal de- 
velopment. Among the natives of Li- 
beria fruits of the oil palm often are 
carried to eat on the road, the pulp 



From Pechuel-Loesche 

FIG. 7. A DOITM PALM 

FEOM WEST AFEIGA, CLOSE TO THE CONGO EIVEE. 


chewed ofi and the nuts thrown aside, so 
that native pathways miles away from 
the palms may be bordered with seed- 
lings, even in forests too dark for any 
of the seedlings to grow up. An indige- 
nous palm commonly used and scattered 
by the natives should have spread long 
ago completely across the continent, in- 
stead of being restricted largely to the 
West Coast. Varieties with thick pulp 
and thin shells are being cultivated on a 
commercial scale in the British and 
French colonies. Oil palm plantations 
in the East Indies were expected to prove 
more profitable than coconuts. A gen- 
eral utilization of oil palms may be fore- 
seen in many tropical countries. 



THE LENGTHENED SHADOW OF A MAN 
AND HIS WIFE-I 

By JAMES G. NEEDHAM 

PROFESSOR EMERITUS OF ENTOMOLOGX AND LIMNOLOGY^ CORNELL UNIVERSITY 


This is the story of the development 
of a new department of university in- 
struction, the Department of Entomol- 
ogy in Cornell University. In attempt- 
ing to tell it briefly I will first set down 
what I have heard from the lips of others, 
my academic elders, and then something 
of what I myself have heard and seen. 

The man who founded the Depart- 
ment, John Henry Comstock, came to 
his lifework by a very circnitons route. 
There was little in his early environment 
to urge him toward a scientific career. 
His deep love of nature he seems to have 
had from his mother. His parents were 
poor. His father, Ebenezer Comstock, 
had been a schoolteacher in Massachu- 
setts. His mother, Susan Allen, of the 
family of the colonial patriot Ethan 
Allen, was a woman of quality. After 
their marriage they went west and set- 
tled on a small farm at Janesville, Wis. 
There in 1849 John Henry Comstock was 
born. 

That was the year of the big gold rush 
to California. The prospects of the 
farm were poor, and the father thought 
to better the affairs of his family by join- 
ing other adventurers who set out west- 
ward so eagerly to find gold. The cov- 
ered-wagon emigrant train with which 
he journeyed met with sudden disaster. 
Cholera broke out, and Ebenezer Com- 
stock w^as one of the many who died of it. 
His wife was left to struggle alone with 
the care of her baby and the farm. 

Further misfortunes followed her. 
The farm was lost on a mortgage. She 
returned to New York State to be among 
her own people and found work as a 
nurse. Her own illness and hospitaliza- 


tion followed, and the boy had to he 
eared for among several families of rela- 
tives until at the age of eleven years he 
began to make plans for himself. 

He chanced to meet Captain Lewis 
Turner and his good wife, Rebecca, and 
to win their interest. The captain was 
a master of schooners that sailed the 
Great Lakes in the grain and lumber 
trade. He had four sons who were 
sailors, already gone from home. The 
captain offered the boy board and cloth- 
ing and three months’ schooling a year 
in return for his services about the place, 
and the offer was accepted gladly. 

The captain’s wife was an intelligent, 
kind, motherly woman and an excellent 
cook. She took the little stranger to her 
heart; cared for his health, which was 
none too good ; encouraged him to study 
and to cultivate good habits. She called 
him Hanky,” and he called her 
Becky.” Her house became his second 
real home. He lived there five years, 
going to school in the short winter ses- 
sions and doing all kinds of chores about 
the place. As long as Ma Becky lived 
he returned to it at intervals as to a 
home. 

Living among sailor folk, he naturally 
looked toward sailing as his first remu- 
nerative occupation; but he had never 
been robust and was not strong enough 
for the heavy work of a sailor on the 
deck. So Mother Turner, with kind and 
generous and competent foresight, taught 
him to cook, and thus equipped him for 
the place of steward on a sailing vessel. 
For the next five years he sailed the 
Great Lakes in summer and attended 
school in winter. He saved his wages 
to buy books and to pay tuition in the 
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private academies that then gave the 
preparatory work for college, which no'w 
the public high schools have largely 
taken over. On shipboard he always 
had some book at hand, and he studied 
it during intervals of work. 

It was in reading that he first found 
opportunity to follow his bent for nat- 
ural history. He found some books on 
botany that enabled him to acquaint him- 
self with the flowering plants of the 
Great Lakes region. Then once, when 
his ship was at anchor in the port of 
Buffalo, he went to a bookstore to see if 
he could find a book that would tell him 
something about flowerless plants. He 
found instead another kind of book that 
opened for him a new door to the house 
of knowledge. It was A Treahse on 
Some of the Insects Injurious to Vege- 
tation, by Thaddeus William Harris, 
M.D., Librarian of Harvard University. 
It was, and is to this day, a beautiful 
and worth-while book. Its illustrations 
quickly led him to see that here was 
something that would interest him be- 


yond aiDdhing he had ever read. Its 
finely colored plates fascinated him ; 
alas, the price ($10.00) seemed entirely 
beyond his means. He went sadly back 
to his work without it; but even as he 
cooked he could not forego the possession 
of the precious book. He returned next 
morning and bought it, with money 
taken from the fund he had been saving 
for a course in college ; and for a time it 
was his chief possession. That book had 
a large part in determining his future 
career. His own well-worn copy is now 
one of the chief treasures of the Corn- 
stock Memorial in the Library of Cornell 
University. On its flyleaf is written 
such a tribute as few books can ever 
claim ; 

I purchased this book for $10.00 in Buffalo, 
New York, on July 2nd, 1870. I think it was 
the first entomological book I ever saw. Before 
seeing it I had never given entomology a thought ; 
from the time that I bought it I felt that I 
should like to make the study of insects my 
life’s work. 

J. H. 0. Nov. 19th, 1876 

At the age of twenty he was ready for 
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eolege. He had heard of a new kind of 
college recently opened at Ithaca, N. Y., 
where courses of study in science were 
placed on a par with the classics, and 
that appealed to him; so he sent for a 
catalog. From the catalog he learned 
that the founder had provided means 
of earning a living while studying, and 
had said he wished to found an insti- 
tution where any person might find in- 
struction in any subject; and that all 
seemed suited to his circumstances and 
wishes. So he went to Cornell Univer- 
sity to study entomology. 

When he got to Cornell he found there 
no course offered in entomology. There 
was, however, a department of zoology, 
with Dr. Burt G. Wilder at its head, 
ready and willing to give him every aid 
he could to study entomology by himself. 
Dr. Wilder gave him facilities for study, 
helped him with books and counsel and 
encouragement, and after a short tryout 
of his help at chores about the depart- 
ment, took the youth to be his own 
personal assistant. 

That was a happy association. The 
eager, industrious, and resourceful boy 
was exactly the kind of helper that 
Dr. Wilder needed, and he, the kind of 
teacher and friend that the boy needed. 

Dr. Wilder was a gentleman of the 
old school, tall, dignified, precise, and 
exacting almost to a fault, but kindly 
and generous, and more exacting of him- 
self than he was of others. He was a 
gifted musician who wrote songs, both 
words and music, for his own diversion. 
He was strictly opposed to the use of 
alcoholic beverages and tobacco; also — 
alas, for his popularity with the Hurrah 
Boys of the student body — opposed to 
fraternities and intercollegiate athletics. 
He had graduated from the Lawrence 
Scientific School at Harvard University 
in that day when the scientific studies 
that he pursued were kept apart from 
the elates as representing a lower order 
of intelligence. During the War be- 


tween the States he had been, first, a 
medical cadet, then an assistant surgeon, 
and then a surgeon in the 55th Massa- 
chusetts Infantry. At the time of his 
appointment to the original faculty at 
Cornell University he was an assistant in 
comparative anatomy in the Museum of 
Comparative Zoology. But he professed 
no knowledge of entomology beyond the 
pittance of it to be had in a course in 
general zoology. That he was not far 
from being an entomologist himself is 
shown by what he wrote about himself 
for publication in the fourth edition of 
Who^s Who in America: ‘Hn 1863 [he] 
discovered n[ea]r Charleston, S. C., a 
large spider (since named Nephila Wil- 
deri by McCook) from which while alive 
he reeled 150 yards of silk.” 

He published a number of small pa- 
pers on spiders ; and in the third issue of 
the Cornell Begister^ a list of donations 
to the University includes this item: ^‘6. 
A collection of insects deposited by Pro- 
fessor Wilder.” 

By the end of his sophomore year 
Comstock had made such progress with 
his studies on insects, and such an im- 
pression for zeal and competence in all 
his work, that thirteen of his fellow stu- 
dents petitioned the University faculty 
to allow him to give them a course of lec- 
tures on entomology, with university 
credit. Dr. Wilder approved the peti- 
tion and it was granted. The title that 
Comstock gave his course, ‘‘Lectures and 
Field Work in Entomology,” indicated 
that he meant to make the course prac- 
tical ; that he was not content to have his 
pupils know insects only as dried speci- 
mens stuck on pins. He took his class 
afield for first-hand knowledge of what 
insects do ; of the roles that they play in 
the world of life; how they get along 
together; and how they affect human 
interests. Many years later he told me 
that President White had charged him 
to keep ever in mind the interests of the 
farmer. 
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The first course was given during the 
third term of the following year, his 
junior year. By that time the second 
permanent building of the University, 
McGraw Hall, had been completed, and 
Comstock was assigned a small room in 
its square tower as his first entomological 
laboratory. 

The members of that class were Com- 
stock’s fellow-undergraduates. Among 
them were David Starr Jordan, Leland 
0. Howard, and William Trelease. 
Jordan WTote of the situation forty years 
afterward: have to remember Com- 

stock as one of the very ablest of my 
students and one of the most inspiring 
of my teachers. ... We stood doubly 
in the relation of teacher and student. 

. . . Comstock taught me all that I know 
and most that I have forgotten on in- 
sects, and I taught him the names and 
habits of the flowers of Western New 
York. We w^ere boys in those days.” 

Dr. Wilder taught Comstock academic 
decorum. He w^as insistent on gentle- 
manly conduct, and on the use of good 
English in written reports. He stressed 
five characteristics of good scientific writ- 
ing and called them ‘^The 5 great C’s”: 
Correctness, Clearness, Conciseness, Con- 
sistency, and Completeness, His oft- 
reiterated warning to students who were 
preparing papers for publication was: 

Print in haste and repent at leisure.” 

Comstock’s zeal for the study of in- 
sects did not kill his interest in other 
fields. He eagerly attended the Uni- 
versity concerts and the lectures by 
distinguished scholars, whom President 
White brought to Cornell as members 
of his '‘non-resident faculty.” These 
were later called Visiting Professors. 
Among them were James Russell Lowell, 
George William Curtis, Bayard Taylor, 
John Stanton Gould, and others of like 
prominence in America, and the English 
historian, Goldwin Smith, who soon be- 
came a member of the "resident fac- 
ulty,” and a dear friend of Comstock. 


Foremost among these distinguished visi- 
tors in Comstock’s interest was the great 
Swiss naturalist, Louis Agassiz, with 
whom Dr. Wilder had been closely asso- 
ciated at Cambridge and at Penikese. 

Agassiz gave a course of twelve lec- 
tures in 1872 and again in 1873. At 
Cornell as elsewhere they won instant 
and enthusiastic interest, and gave an 
impetus to the first-hand study of nature 
that has never been 'wholly lost. His 
startling advice: "Study nature, not 
books” (not meant to be taken too liter- 
ally), wus intended to rescue zoology 
from the bookishness of the schools and 
to put American students in the way of 
discovering facts for themselves by the 
use of their own eyes. 

While at Ithaca Agassiz taught by 
example as well as by precept. He 
climbed the hills and viewed the smoothly 
glaciated slopes that drop do'^m to the 
deep blue lake in the Talley. He walked 
the shores; he waded the streams and 
searched their shoals for the nests of 
fishes. Dr. L. 0. Howard told me that 
he once came upon Agassiz, clad in a 
long black coat and rolled-up trousers, 
standing in the water in the rocky bed 
of Caseadilla Creek in downtown Ithaca. 
He had just lifted a flat stone from the 
water and held it in Ms hand. Seeing 
Howard, he said : ' ' Come here, boy, and 
let me show you someting eenteresting.” 
It was the roof -stone from over the nest 
of the little sculpin fish called Miller’s 
Thumb that he held in his hand. At- 
tached to the underside of the stone were 
the pearly eggs that that little fish in 
some way manages to hang from the 
ceiling of its nest. 

Dr. Wilder watched Comstock’s prog- 
ress with a fatherly interest; saw that he 
was going "pretty fast and pretty far” 
on the basis of very limited experience ; 
saw that he needed contact with the 
minds of those more experienced and 
more eminent in his field. And it was 
doubtless in aid of Comstock’s work, 
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and on Dr. "Wilder’s recommendation, 
that Charles Valentine Eiley was brought 
to Cornell for a short course of lectures 
on entomology. 

Eiley was then a young man, and al- 
ready among the best-known of Ameri- 
can entomologists. He may have been 
the only one who was devoting his time 
wholly to entomology and earning his 
living by it. There were others, of 
course, studying insects: several physi- 
cians who obtained time for the study 
by more or less neglecting their medical 
practice; and a few teachers who were 
paid for teaching other subjects and 
managed to slip in a little entomology 
on the side. But Eiley was an out-and- 
out entomologist. He was widely known 
for publications that were well-written, 
beautifully illustrated, and based on ac- 
curate and extended observations. His 
series of nine Anmtal Reports on the 
insects of Missouri was destined to be 
epoch-making in the history of economic 
entomology. 

Eiley was a handsome man and a ready 
speaker. He was tall, slender, dark, and 
had the long flowing mustache of a buc- 
caneer. He had a pleasing approach, a 
ready pen, and a still more gifted pencil. 
With his endowment as an artist went 
also an artistic temperament and a flair 
for showmanship. Comstock listened 
and learned; learned much about the 
way to present the results of his own 
studies to an audience, from the man 
who was in his day doing more perhaps 
than any other to teach the people that 
the study of insects is worthy of public 
support. 

After this contact with Eiley, Corn- 
stock w^as more than ever conscious of 
his own lack of training and experience. 
With the first summer vacation following 
came Comstock’s first opportunity to 
sit at the feet of a great entomologist. 
Dr. Hermann A. Hagen had just been 
brought from Germany by Louis Agassiz 
to take charge of the insect collections in 


the Museum of Com])arative Zoology at 
Cambridge, Mass. Comstock hastened to 
Cambridge to study with him. 

No happier choice of a master in enio- 
mology could have been made. Hagen 
was then at the height of his powers. 
He was a great scholar, educated in tlie 
classics, 'well-acquainted with the whole 
range and history of entomology, and 
wTll-grounded in the field of morphology 
that was at that time coming into marked 
prominence. He w^as also entomology’s 
first great bibliographer. However, he 
had more complete command of several 
other languages than he had of English. 
I remember that Comstock told me that 
when he and Hagen sat down at opposite 
sides of the little table over which came 
most of the instruction of that marvelous 
summer, Hagen began by saying : 

^‘Do you shbeak Cherman?” 

‘^No, sir.” 

‘ ' Do you shbeak French ? ’ ’ 

^^No, sir. Sorry.” 

' ^ Do yon shbeak Latin ? ’ ’ 

‘^No, sir.” 

'W^ell den,” (with a vsigh of resigna- 
tion), guess ve vill half to shbeak En- 
glish. Come now and I vill tell you some 
tings vat I know^ abond entomolochy. ’ ’ 

So the w^ork proceeded, with Hagen 
lecturing and making rapid sketches on 
loose sheets of paper that lay before him 
on that little table, and Comstock listen- 
ing and taking notes. 

New realms in the field of entomology 
were being opened to him, far and away 
beyond those with which he had already 
made himself familiar. Between sittings 
he expanded his notes, and he told me 
many years afterward that he was still 
finding these old notes very useful in the 
preparation of his own lectures. It was 
vdih some pride that he said, was 
Hagen’s first pupil in America.” 

As from Wilder he learned methods 
of comparative anatomy, so now from a 
distinguished specialist in his own field 
he learned morphology, and the impor- 
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tanee of eolleotiiig and studying the life 
histories of insects along with their adult 
stages. From this master bibliographer 
he also learned much about how to deal 
with the infinity of detail that the study 
of insects imposes. 

Then Comstock went for instruction 
to a man of great competence in economic 
entomology. He went to see Dr. Asa 
Fitch, the first state entomologist of New 
York, w’ho w^as publishing excellent an- 
nual reports on the economic insects of 
the state. Dr. Fitch w^as a modest, 
kindly, scholarly gentleman, a country 
doctor, who, while practicing medicine, 
had built himself a little museum in his 
own dooryard. In this little retreat he 
kept his collections and did his writing. 
Comstock sat down with him there, and 
asked him about his methods of work. 
Fine as Fitch was as a student, investi- 
gator, and writer, he was not, like Hagen, 
born to be a teacher. 'When Comstock 
asked him how to study entomology, he 
said, '^Yoii just sit down wuth an insect 
and study it.’^ 

Comstock also went to Yale, where he 
found no entomologists, but he was glad 
to make the aequaintance of the zoolo- 
gists Verrill and Hyatt. He also took 
advantage of excursion rates to the 
Centennial Exposition in Philadelphia. 
Wliile there he spent most of his time at 
the Academy of Sciences, where he noted 
the fine library and large collection of 
adult insects. He also noted the (at 
that time, usual) lack of their immature 
stages. 

The following year he received his 
first regular appointment to the teach- 
ing staff of the University as an instruc- 
tor in entomology, and the course of his 
own life was set for the future. He 
began at once to build up a teaching col- 
lection of insects and thoi'oughly to ac- 
(luaint himself with the entomological 
resources of the region round about the 
University. 

In the second term of Comstock ^s senior 


year, Dr. 'Wilder w^as called aAvay to give 
a course at Bowdoin College. He left 
Comstock to substitute for him and to 
give lectures in the regular course in 
invertebrate zoology to a class of 150 
students. During this year one of Cor- 
nelUs distinguished visiting professors, 
John Stanton Gould, taking note of 
Comstock's zeal and industry, presented 
the Department of Zoology with its first 
compound microscope, especially for 
Comstock's use. His best optical equii3- 
ment up to that time had been a cheap 
low'-pow'er pocket lens. This microscope 
wus substantial aid. It was wonderful 
progress, when, a little later, he was 
authorized to go to Kochester and pur- 
chase for his laboratory three compound 
microscopes. 

Following Comstock's graduation at 
Cornell in June 1874, Charles V. Riley, 
wiio w^as then Entomologist of the U. S. 
Department of Agriculture, asked him 
to investigate the depredations of the 
cotton leafw’orni of the South. He went 
forthwith to Selma, Ala. This w’as his 
first real labor in the field of applied 
entomology. 

That was the summer of a great yel- 
low fever epidemic in the South. He 
spent it in the study of the life liistory 
and habits of this very destructive cot- 
ton insect. He saw^ how vast are the 
losses that an obscure little moth may 
cause, and how great the need of public 
support for the study of such pests. 

In the winter of 1876 he made a trip 
to Florida to collect insects in a new 
faunal region. He went up the St. 
Johns River and spent a time at Ft. 
Reed wkere he collected diligently. He 
WTote home: ^‘This is the richest ento- 
mological field I have ever worked." 
And he predicted that many species new 
to science w’-ould be found in the material 
he w^as gathering there. New species are 
still being described occasionally from 
that material. 

In the spiing of 1877 after his course 
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in entomology at Cornell was finislied he 
gave a course of lectures on entomology 
at Vassar College on invitation of Pro- 
fessor James Orton. 

In July 1878, he went again to Selma, 
Ala., to continue liis field studies on the 
cotton leafworm. In the following Sep- 
tember he stopped awhile in Nashville, 
Tenn., with C. V. Eiley while they to- 
gether prepared a quarterly report. 
Comstock then returned to his place at 
Cornell, and sent L. 0. Howard, his most 
advanced and one of his ablest pupils, to 
be Riley's assistant in 'Washington. 

An overturn occurred in national poli- 
ties and Riley was dismissed from his 
position in Washington and Comstock 
was appointed Entomologist of the XJ. S. 
Department of Agriculture in his stead. 
Comstock got leave of absence from Cor- 
nell and went to Washington for two 
years. During this interval William 
Stebbins Barnard carried on the course 
in entomology at the University. 

The woman who assisted in the estab- 
lishment of the Department of Entomol- 
og}^ in Cornell University, and who had 
a very large share in its success, was 
Anna Botsford. She was of Quaker 
ancestry and came from a good farm 
home in Cattaraugus County, N. Y. On 
the farm she acquired a lasting enthu- 
siasm for outdoor life. Her father was 
something of a naturalist, and a good, 
intelligent, and worthy citizen. Her 
mother, Susan Allen Botsford, was a 
woman of refinement ; and the two gave 
their daughter a gentle upbringing and 
a happy outlook on life. 

Anna Botsford was socially gifted; 
she had the blessed habit of looking for 
good qualities in everyone she met. She 
was also a fine student, both of books and 
of human nature. When she arrived at 
Cornell in 1875 she was chiefly interested 
in English and in history; but in order 
to balance the subject matter of her 
studies she signed up for a course in 


invertebrate zoology. Thus young Corn- 
stock became her teacher. She found 
invertebrate zoology both interesting and 
informing, and she made a good record 
in the course. She next enrolled in 
Comstock's much smaller class in field 
and laboratory entomology. Here Corn- 
stock was at his best. Here she caught 
his enthusiasm for the study of insects. 
Here began their field trips together — 
many more of them, it so happened, than 
were on the class program. Happy days 
of further exploration followed, when 
together they climbed the hills and 
tramped through the gorges about the 
campus ; went canoeing on Cayuga 
Lake^ and on the flower-fringed bayous 
that meander through the Renwiek woods 
at its head. Comstock had the haunts 
of insects in many interesting places to 
show her. So she began to share his 
interests. 

The country about Ithaca in that day 
offered a fine opportunity for field work 
in natural history. The campus was as 
yet little more than hilly woodland farm, 
with the teeming insect life of shady 
ravines all about its doors. Its nearby 
lakes and streams, its hills and valleys, 
its waterfalls and deep gorges, its upland 
bogs and lowland swamps, each had its 
share of the rich fauna and flora of the 
Finger Lakes region. The shy and 
dainty trailing arbutus could still be 
found growing in places that later be- 
came parts of the main quadrangle. 

The Cornell campus, lying as it does, 
outspread on a terrace of the broad East 
Hill of Ithaca, is bounded (as is well- 
known to all) on two sides by swift 
streams that break into alternating 
w^aterfalls, plunge basins, and riffles all 
the way down the hill ; Fall Creek on the 
north and Cascadilla Creek on the south 

1 A gem from Anna Botsford diary : ^ ^ The 
day was perfect ; a soft Spring haze covered the 
hills, and the lake was so mirror-like that two 
wild dneks swimming across it made a W that 
spanned half its width. ’ ’ 
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side. On the high ground at the north- 
east corner of the old quadrangle beside 
the Fall Greek gorge Comstock “staked 
a claim.’’ He obtained from the Uni- 
versity Trustees a long-term lease on a 
piece of ground there, and built a house 
on it. It fronted on Bast Avenue, and 
from the front there was a superb view 
of lake and valley and the distant, check- 
ered fields of West Hill. There were tall 
oak trees growing on the steep slope 
down to the gorge; trees that reached 
their long arms so close to the windows 
of the house that, looking out from them, 
one seemed to be in the treetops among 
the birds and the squirrels. And there 
was the low sound of running water com- 
ing up through the trees from a water- 
fall far down below. A cultivated 
garden was at the rear, and, an orchard ; 
and farms beyond the orchard. What 
a wonderful environment for two natu- 
ralists ! They were married in October 
1878. 

The remainder of this narrative is a 
story of teamwork in education. 

The Comstocks began housekeeping 
in their new home on the campus. Mrs. 
Comstock records that the first thing she 
had to do was to learn how to cook, and 
that her first pies were not a success; 
but that they were very happy. Soon 
they were working together across the 
quadrangle in McGraw Hall on a report 
of his last season’s field work on the cot- 
ton leafworm. 

Out of a clear sky came a call to Wash- 
ington. As a result of a political over- 
turn, Eiley was out, and Comstock was 
invited to come to Washington and take 
his place in the U. S. Department of 
Agriculture. They were loath to leave 
their new home ; but to a young assistant 
professor, married, and living on a 
yearly salary of $1,000, working in a 
new and little appreciated field of uni- 
versity interest, the call to the top ento- 
mological position in a great Department 


of the national government seemed a 
golden opportunity. In Washington he 
would have a budget of $5,000, a salary 
for himself of $2,000, with two paid as- 
sistants.* L. 0. Howard at $1,200, and 
Theodore Pergande at $750; and he 
could employ George Marx as an artist 
at $5.00 per day. So they went to Wash- 
ington. They took with them, very prop- 
erly, the unfinished manuscript on the 
cotton leafworm, and there expanded it 
into the well-known Report on Cotton 
Insects. 

They found the office of the entomolo- 
gist lacked a compound microscope. 
There was a Division of Microscopy then 
in the Department of Agriculture, and 
anything too small to be examined with 
the unaided eye had to be taken over 
there for study. Comstock bought a 
microscope. He also spent $200 of gov- 
ernment money for a Eemington type- 
writer that is said to have been the first 
used in the Department of Agriculture. 

Before the report of cotton insects was 
out of the way there came insistent de- 
mands from Florida and California for 
help in control of citrus insects, and 
Comstock and Howard began a general 
investigation of them. Soon Comstock 
became aware that he needed to see the 
genei^al situation in the field, and he 
went to Florida for field work in the 
orange groves. Mrs. Comstock stayed 
in the office to keep things going. She 
attended to the correspondence of the 
office, writing letters first in longhand, 
and then on the typewriter, after she 
had learned to use it. She also typed 
and filed her husband’s field notes, and 
made drawings for his reports. She dis- 
tributed silkworm eggs to 120 applicants 
who wanted to assist in an experiment 
at silk culture in America, and she did 
whatever else the situation demanded. 

Later Comstock made a trip to south- 
ern California, with the same objectives 
and for a longer stay. There he did the 
field work on which was to be based a 
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report on scale insects that was destined 
to be one of the outstanding docnments 
of economic entomology. It was re- 
printed in 1916 as a Bulletin of the Cor- 
nell University Experiment Station. 

It is not for me to try to tell the story 
of the struggles of the office in Washing- 
ton to keep up with the nation’s grow- 
ing demand for help on insect problems. 
That story has been committed to writing 
in a biographical manuscript by Mrs. 
Comstock, which is still unpublished. 

After two years in AVashington an- 
other political shuffle brought a new head 
to the U. S. Department of Agriculture. 
Dr. C. A". Eiley was restored to favor 
and reappointed to his former position. 
Comstock was out, but an equitable ar- 
rangement with him provided for con- 
tinuing his pay until completion of the 
reports he had in hand, and for their 
proper publication thereafter. Dr. How- 
ard stayed on in the office as Eiley ’s 
assistant ; stayed for a distinguished 
career as Chief after Riley’s death. 

In the two years at AA'ashington Com- 
stock had made contact with the princi- 
pal insect problems of the nation at 
large. He had widened his own horizon 
by travel. He had acquired some useful, 
if disappointing, knowledge of how the 
scientific positions in the government 
service %vere peddled about in his day 
by the politicians. If he felt himself 
limited by a return to a position in which 
he could command lesser resources, he 
expressed no disappointment. Quite the 
contrary. Just before leaving Washing- 
ton he wrote to his wife, who had re- 
turned to Ithaca earlier: 

We will take up tlie work at Ithaca with eon- 
fidenee. We will have a happy home. We will 
give my students the best facilities for obtaining 
an eiitomologieal training that can be found in 
the world. And "we will do some original scien- 
tific work. ... Just now I am at work on a 
plan by which the students, after the first term, 
will do original scientific work. In that way I 
shall have a large corps of assistants and they 
will get the best of training. 


At Ithaca, AVhite Hall had been com- 
pleted during his absence, and he was 
given greatly enlarged quarters on the 
second floor. He now had an office, a 
lecture room, and a separate laboratory. 
He had a telephone installed in his office, 
one of the first on the campus, and a 
typewriter. He had cabinets built after 
his own design, to hold insect cases, with 
enough space in them for large future 
collections- He inaugurated the system, 
now in general use, of keeping his pinned 
insect specimens in glass-topped eases 
pinned to movable blocks. This pro- 
vided for easier rearrangement, and the 
interpolation of new material without 
the necessity of repinning the specimens. 

He returned eagerly to teaching. Be- 
sides the large course in invertebrate 
zoology that he inherited from Doctor 
AVilder, he had a class of twenty stu- 
dents in entomology. And in the spring 
he took on a new course in apiculture 
in which seven students enrolled. 

From the beginning he gave his stu- 
dents in entomology all the field work 
that the strict hour-limitations of the 
academic program would allow. His 
pedagogical procedures do not appear to 
have been standardized as yet, for he 
made a class exercise out of the cutting 
of a bee tree in the woods at night, get- 
ting out the honey, and luring the bees 
into a box hive. And (doubtless at 
his own personal invitation) President 
AA^hite and Professor Goldwin Smith 
went along as spectators 1 

He spent part of a summer vacation 
in bee-tree hunting and in trout fishing. 
His hunting was not so much for honey 
as for more knowledge of the ways of 
the bees in the air, and their homing in- 
stincts. AYith a keen eye he followed 
single bees from their feeding places, as 
they wheeled away and swiftly disap- 
peared. Then he followed lines of bees 
onward in a straight course to their home 
in a hollow tree. 

After finishing his report on the Coc- 
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cidae (scale insects), along with which 
went Dr. Howard’s report on their para- 
sites, he began the preparation of a text- 
book for the use of his classes. He built 
it from the ground up, basing it on ma- 
terials that his students could see and 
handle. He gave his keys for insect 
determination the severe test of repeated 
use by beginning students, and he re- 
vised them again and again, always 
striving for simplicity and clearness of 
statement. 

His aim was, and continued to be 
until the end of his teaching, to have a 
basic course in general entomology, from 
which later specialization might proceed. 
After mastering the fundamentals in 
this course his students could specialize 
to their heart’s content. He began to 
accumulate an entomological library 
with the same regard for essentials. 

Then he got an insectary, the first of 
its kind. I recall that he once told me 
with great glee how he got it For sev- 
eral years he had been hinting to the 
administration that he needed a build- 
ing in which he could keep living insects 
under observation. Professor I. P. Rob- 
erts, then head of the Department of 
Agriculture at Cornell (not yet a col- 
lege), called him into the office one day 
and said: There is an unexpended bal- 
ance of $2,500 in my fund. It will lapse 
if not used before the end of the fiscal 
year. That is six weeks from now. If 
you can get your bug house up and get 
the bills paid in six weeks you can use 
that money.” 

Comstock leapt to the occasion. He 
drew the plans for the building that 
night, but not, of course, without much 
previous forethought; staked out the 
ground for it next momtug, and got the 
work of exeayation going next day. The 
building started a few days later. It 
was completed almost on time, and by 
private arrangement mth reliable work- 
men^ he ted the bills all in and paid by 
:Ae',end';of';tibe yeam^ plain 'eas0 


in which the law was ‘^more honored in 
the breach than in the observance.” 

I am amazed when I think what he 
got for the money: a two-storied head 
house with a two-section standard green- 
house in the rear; in the head house, 
four large rooms, two on each side of a 
central stairway, and steam furnace and 
toilet iu the basement ; in the greenhouse, 
hot and cold sections, steam, water, and 
gas I 

One room on the second floor was as- 
signed to a student who, in return for 
its use, took care of the building. A 
long succession of budding entomologists 
came to occupy that room, one of whom 
(Stocking) years later became acting 
dean of the College of Agriculture. 

The insectary was located well back of 
Comstock’s house between the woods and 
the garden, where its lack of ornamenta- 
tion did not matter. It was built for 
service, not for appearance. It sheltered 
some of the must important work done in 
entomology during two generations. 

Comstock was now equipped to take 
advantage of the rising tide of interest 
in entomology, so he pushed ahead. But 
his alloted space in White Hall was be- 
coming inadequate. It was crowded 
with students and accumulated teaching 
aids. The equipment for photography 
that he had to have near at hand for use 
in his ovm research and in that of ad- 
vanced students he squeezed in by ap- 
plying his wits to economizing space. 
For darkroom use he adapted a small 
closet, equipped it with lights, runuiug 
water, and shelves high and low, on 
which everything needed was in reach 
from the middle of the floor. He bought 
a bulky camera with rectilinear lens. 

The operating table was a contrivknce 
of his ovm that every student of its day 
will remember. It was wdde chough, only 
to carry the big camera and long Apough 
for full esiiension of its very long bel- 
lows, It was high enough for Comstock’s 
own Convenience when standing erect 
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wMle focusing; taller persons had to 
stoop. On it sat the camera perpetually, 
under a shroudlike sheet of black cotton- 
flannel, that served as a focusing cloth 
while in use and as a dust cover between 
times. Underneath was a built-in stor- 
age compartment in which accessories 
were kept : plateholders and kits for 
glass plates of various sizes (it never 
knew films). It stood in a corner by the 
closet against the wall. It was rolled 
out on its own casters for use when no 
class was occupying the room. It saw 
great service. 

Meanwhile Comstock’s publications 
were winning for him high professional 
standing. His Report on Cotton Insects 
brought letters of congratulation from 
entomological colleagues and others. 


Especially appreciated by him were two 
of the letters commending it, one from 
his master in entomology. Dr. Hagen, 
and one from Charles Darwin. When 
his report on the Coccidae appeared it 
became at once the standard reference 
work for students of the scale insects 
the world around. 

He was invited to join the editorial 
staff of the American Naturalist, and 
for three years he edited a section on 
entomology in that journal. He also 
wrote articles on insects for the Stand'- 
ard Natural History, He answered 
queries about insects for several agri- 
cultural journals; and he appeared more 
or less regularly for an address before 
the annual meetings of the New York 
Horticultural Society. 


(To he concluded) 


AN URGENT MATTER 


After almost one hundred years of exis- 
tence as the over-all scientific association of 
this country, the A.A.A.S. finds itself choked 
by its own growth (see pages 127--130). The 
officers of the Association do not have time 
to give the attention to the campaign for a 
building fund that it deserves. We hoped 
that our members and friends would recog- 
nize our phght without repeated reminders 
and take action on the merits of the case as 
presented in our prospectus. Many have 
done so, but many more have not yet con- 
tributed. May we suggest to those who have 
contributed that they do what they can to 
persuade others to contribute and that they 


find out whether their own affiliated societies 
could not contribute from their permanent 
funds as the American Association of Eco- 
nomic Entomologists did at its December 
meeting in Dallas, Texas? Members who 
are employed by commercial laboratories 
should also see the officers of their companies 
and point out that their Association is in 
danger of bogging down. 

To those who have contributed to the cen- 
tennial building fund we are extremely grate- 
ful, but we hope that they will not be satisfied 
until they have used every means of persua- 
sion on every prospective contributor whom 
they can approach. — ^F.L.C. 



CASTE, CLASS, AND COLOR IN INDIA 


By S. CHANDRASEKHAR 

DEPARTMENT OP ORIENTAL STUDIES, UNTTERSITY OP PENNSYLVANIA 


Caste, as a social institiitioii, is not 
peculiar to India. Thronghout the ages 
all societies have divided their people 
into various groups on grounds of par- 
ticular traits and talents, equipment and 
opportunity, character and culture. And 
when such groups pursued their particu- 
lar ideals and professions to the entire 
neglect of other groups^ interests, they 
tended to grow up as isolated, individu- 
alistic, and even mutually antagonistic 
units in the same society. Nevertheless, 
only in India did such broad divisions 
of mankind crystallize into a code and 
an ethic which govern and dominate 
every detail of the workaday life of 
particular groups. 

Once these divisions, based on indi- 
vidual and group tastes, traits, and tal- 
ents, were effected, occupational and pro- 
fessional differences strengthened them 
even more, for the fact that one kind of 
occupation was more lucrative than an- 
other led to economic differences which 
became yet another prop of the caste 
system. And, human nature being what 
it is, it became common for the son to 
follow his father’s profession. Conse- 
quently occupational differences became 
hereditary. Thus birth and occupation 
became the twin basic principles on 
which the caste system in Hindu society 
rested and revolved. 

In the course of some centuries an 
elaborate code of conduct affecting meals, 
migration, marriage, and morals came to 
be drawn up. Later centuries added 
further ramifications pertaining to cere- 
monial purity and pollution, commensal 
restrictions, connubial taboos, unap- 
proachability, and even untouchability. 
To the original basic principles of birth 
and occupation were added heredity and 
endogamy, and the subsequent develop- 


ment of caste has rested on all these four 
attributes. The result is that today In- 
dia’s caste sj^^stem has become a complex 
and irrational system, defying all classi- 
fication. 

This does not mean, however, that the 
caste system is a rigid, static institution 
persisting in a society where the need 
for it has vanished. On the contrary, 
it has been dynamic, but only to the 
detriment of India’s national growth. 
Whereas the caste system, at its incep- 
tion, recognized only four or possibly 
five divisions, based on the essential four- 
fold or fivefold functions in a primitive 
rural economy, today the system has di- 
vided and subdivided, itself to such a 
profuse and alarming extent that about 
3,000 castes have been enumerated in 
modern India ; and new castes are in the 
process of formation even today I Thus 
the popular supposition that caste is im- 
mutable is erroneous. On the contrary, 
it is and has always been susceptible to 
change at the slightest pretext of altered 
social conditions. This change has been 
highly unhealthy, for it has led to end- 
less segmentation of Indian society. 

Several factors have contributed to 
this interminable fission, such as change 
in occupation (usually from the lower to 
the higher), adoption of a new or the 
abandonment of an old religious prin- 
ciple or social custom, or merely in- 
creased prosperity leading to further 
gradations of economic equality. De- 
spite these qualifications, caste in theory 
must be explained largely in terms of: 
(a) an unchangeable social inequality” 
based on birth; (b) the gradations of 
the professions and their inequality ; and 
(c) the restrictions on marriage outside 
one’s own group or caste. Change in 
occupation, however, is the primary fac- 
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tor tliat creates new castes in rnral India, 
even today. 

Keeping all these attributes in view, 
we may define caste in India as an en- 
dogamons group or collection of endo- 
gamons groups, generally bearing a com- 
mon name, membership of which is 
hereditary, imposing on its members 
certain restrictions in the matter of so- 
cial intercourse; either follomng a com- 
mon traditional occupation or claiming a 
common origin; and generally regarded 
as forming a homogenous community. 

The Origin of Caste. Several theories 
have been put forward to explain the 
origin of caste. The one hypothesis on 
which there seems to be most agreement 
among sociologists explains the genesis 
of caste as an outcome of the clash of 
cultures: In the dim past, at a time 
which may roughly be called the pre- 
Vedic period, a tall, fair-skinned people 
inhabited central Asia. While trekking 
in search of food and a new habitat, they 
entered India through the northwest 
frontier passes. These incoming “Ar- 
yans’’ had no caste system as such, but 
they recognized three broad functional 
divisions in their own society : the priests, 
who offered prayers and performed sac- 
rifices; the chieftains and soldiers, who 
fought in battle; and the rest, who, al- 
though normally nomadic, sometimes 
plowed the fields and raised food. Soon 
these newcomers began to move into the 
interior of India, eastward toward the 
Gangetic Valley, where several Hindu 
kingdoms were then flourishing. In- 
creasing in numbers and constantly mov- 
ing in search of shelter and sustenance, 
these new arrivals inevitably clashed 
with the original inhabitants. And in 
the eyes of these newcomers the indige- 
nous peoples seemed uncivilked. Wars 
were waged and the newcomers gained 
what should roughly be called “political 
control’^ in parts of India. Then, when 
ih,«e two groups of people, culturally 


alien, settled down to live side by side, 
marriages, both approved and unap- 
proved took place. Each culture-group 
tried in vain to maintain its so-called 
racial purity. The ultimate result of 
this anxiety to safeguard the conflicting 
group cultures was the caste system. 

On account of certain stray references 
in the writings of the period to the “fair- 
skinned” incoming Aryans and the 
“dark-skinned” native inhabitants of 
India, some scholars have jumped to the 
conclusion that caste was originally 
based on Varna Bheda, or the difference 
in color. But neither cultural antago- 
nism nor color alone can explain the 
origin of caste, because four castes based 
on vocational differences soon came into 
existence. 

Another hypothesis was advanced by 
Sir Edward Blunt, who implies that the 
caste system was imported into India by 
the invading Aryans. Moreover, he also 
emphasizes the color bar, which, he be- 
lieves, created an endogamous tendency 
that developed into a rigid custom. It 
is his theory that the Aryans were al- 
ready socially organized into three 
classes: the Kshatriya nobility; the 
Brahmin priesthood; and the Vaisya 
commonalty. The intermarriage that 
did occur with the indigenous race pro- 
duced a fourth class, Sudra. 

This hypothesis is untenable, for it 
does not explain how the Aryans them- 
selves came to have three castes before 
they came to India, and why, if the first 
three castes were Aryans, these groups 
do not intermarry or even interdine. 
Nor does this analysis explain the fact 
that there is no mention of caste in Vedic 
hymns. According to Professor Max 
Muller : 

There is bo authority whatever in the h3TQms 
of the Veda for the complicated system of 
castes. There is no law to prohibit the differ- 
ent classes of the people from living together, 
from eating and drinking together; no law to 
prohibit the marriage of people belonging to 
different castes; no law to brand the offspring 
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of sneh marriages with an indelible stigma. 
There is no law to sanction the blasphemous 
pretensions of a priesthood to divine honors or 
the degradation of any human being to a state 
below the animal. 

Most Indian scholars agree with the 
theory of the French scholar Senart. 
After a comparative study of Aryan in- 
stitutions in ancient Greece, Rome, and 
India, Senart concludes that caste was 
the Aryan answer to the problem of cul- 
ture contact. He believes that when the 
Aryans penetrated into northern India 
they met with a ‘'race’’ alien to their 
own culture and character ; and the con- 
sequent anxiety of the Aryans to pre- 
serve their “racial purity” in addition 
to the distinction between conquerors 
and conquered led to the demarcation of 
their own people from all other people. 

Were this the true explanation, there 
would be only two castes, the rulers and 
the ruled. Although the fact that 
“higher castes” form only a smaU mi- 
nority of India’s population might seem 
to support this view, how can we explain 
the absence of castes among later in- 
vaders from the Moslems down to the 
British? Furthermore, this view also 
ignores how a small minority — ^the Brah- 
mins — who were not rulers, achieved 
social superiority in northern India. 
According to Senart, the conqueror or 
ruler should constitute the highest caste, 
but in the existing caste system it is the 
Brahmin priest who is above the ruler. 
Moreover, Senart ’s theory does not ex- 
plain the all-important fivefold divisions 
of society based on occupational differ- 
ences. 

All these surmises about the origin of 
the caste system being found in an in- 
herent Aryan-Dravidian conflict are not 
only highly unreal but are sharply in 
contrast with our modern anthropologi- 
cal evidence. As Professor S. Radhak- 
rishnan points out : 

The system of Caste is m reality neither 
Aryan nor Dravidian but was introduced to meet 
the needs of the times when the different racial 


types had to live together in amity. The only 
way of conserving the culture of a race which 
ran the great risk of being absorbed by the 
superstitions of the large numbers of native 
inhabitants was to pin down rigidly by iron 
bonds the existing differences of culture and 
race. Unfortunately this device to prevent so- 
cial organization from decay and death ulti- 
mately prevented it from growdng. 

Although Professor Eadhakrishnan ap- 
pears to come closer to the truth as we 
see it, it is not clear what he means by 
“race.” Are we to presume that some 
five “races” came into India anfi were 
reehristened as five castes; or was caste 
merely the ancient Hindus’ passion for 
labeling professional and ethnic groups 
of people ? 

Although there is no denial of the 
grains of truth contained in the various 
hypotheses, neither cultural antagonism 
nor “color” alone can explain the origin 
of caste, and we must seek elsewhere for 
a more logical explanation for the origin 
of the Hindu caste system — one that will 
explain the divisions into four groups 
based on professional or vocational dis- 
similarities. Perhaps, with the develop- 
ment of group consciousness in India 
and the consequent desire to end the 
social anarchy and confusion of a small 
primitive society, some self-chosen group 
leader deliberately planned a division of 
labor. The need for worship and the 
love of colorful ritual would have created 
the necessity for a class of clever men 
who would officiate as priests and propi- 
tiate the gods. The need for an army 
or police would have created the second 
class. The need for exchange and barter 
would create the third ; the need for rais- 
ing food, the fourth. Originally there 
would have been no question of superi- 
ority or inferiority. Even the Pancha- 
mas, the fifth class, composed of those 
who had no tastes and talents for any- 
thing but menial labor and so were as- 
signed to do the cleaning and scrubbing, 
sweeping and washing, would not have 
been looked down upon. Thus at the 
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ieginning everyone chose Ms vocation 
on the basis of ability, inclination, and 
aptitude. 

In the course of centuries, these occu- 
pational groups lost their elasticity and 
mobility and tended to become inflexible. 
The son of the Brahmin priest became 
a priest, and the son of a Panchama 
sweeper became a sweeper ; the hallmark 
of caste became birth and heredity. And 
now the priest, who took two baths every 
day in the nearby river to be ceremoni- 
ally clean before he stepped into the 
sanctum sanctorum of the Hindu temple, 
did not think much of the Panchama 
sweeper who was externally unclean. 
Human nature being what it is, marriage 
among members of the same professional 
group became common. And we can 
understand why sometimes the daughter 
of the Brahmin priest refused to marry 
the son of the Panchama sweeper, and 
vice versa. It was thus that endogamy 
became an additional principle of caste. 
This, to us, is roughly the genesis and 
growth of caste. 

The conversion of this originally elas- 
tic system, after a long stretch of time, 
into a rigid order based on birth and 
heredity, with commensal and connubial 
restrictions, does not seem so absurd 
even in the light of modern conditions. 
This is not a defense, for there can be no 
rational defense of caste, but a descrip- 
tion of these restrictions. In other 
countries there are parallel restrictions, 
less rigidly defined perhaps, but existent 
nonetheless. Let us look at the West 
through the eyes of George Bernard 
Shaw: 

Suppose a middle class Biitisli motUer said 
to her daughter, Miss Smith or Miss Jones, 
^ ^ Follow the promptings of your heart my dear, 
and marry the dustman or marry the duke, 
whichever you prefer. ^ ’ But she cannot marry 
the dustman; and the duke cannot marry her, 
l>eeause they and their relatives have not the 
same manners and habits; and people with dif- 
ferent manners and habits cannot live together. 
And it is difference of income that makes a 
difference of manners and habits. Miss Smith 


and Miss Jones have finally to make up their 
minds to like what they can get, because they 
can very seldom get what they like; and it is 
safe to say that in the great majority of mar- 
riages at present, nature has very little part 
compared to circumstances. 

Exceptions to tMs general tendency of 
social immobility in marriages are not 
wanting in modern democratic countries, 
but they are not frequent. We do 
not find every day a king marrying a 
commoner or a duchess marrying her 
chauffeur. 

As for Hindu commensal restrictions, 
Western parallels are not wanting either. 
It is true that a Brahmin priest does not 
break bread with a Panchama sweeper, 
nor does a Sudra peasant pour a cup of 
tea for a Vaisya trader. This is nothing 
more than the Western social custom — 
or snobbery, if you please — ^that forbids 
the parlormaid to sit down in your draw- 
ing room or prevents your asking the 
gardener to dinner. True, these modern 
analogies do not go on all fours. Citing 
these Western parallels to explain caste 
may seem as if we were confusing the 
Western class system with the Hindu 
caste system. We are considering caste 
in a fossilized state, centuries after its 
meaningful inception. But if the sys- 
tem originally was nothing more than a 
class system or a division of the people 
according to their primary occupations, 
how can we account for the hundreds of 
castes which exist today! The answer 
of the Indian scholar S. S. Nehru is 
worth quoting : 

To understand tbe rationale and raison d ’§tre 
of caste and its place and function in rural 
economy, let us make tlie following hypothesis: 
If there had been no industrial revolution in 
England; if the struggle for existence in that 
island, which is geographically a unit but eco- 
nomically the reverse, had been less keen than 
it is; if the passive acceptance of life on any 
terms had smothered the inventive genius of the 
islander; if the brotherhood in arts and crafts 
had continued to guard their secrets jealously; 
if their principle had been accepted and ex- 
panded to include aU rural professions and so- 
cial services; if the guilds and similar associa- 



CASTE, CLASS, AND OOLOE IN INDIA 


155 


tions had been armed with dire sanctions in the 
way of forbidding vis-a-vis others such as inter- 
course, interdining, intermarriage, wherewith to 
keep their membership economically, profes- 
sionally, socially entire; if the watertight com- 
partments created and fostered in that way had 
continued to accumulate traditions like a dead 
weight to retard their otherwise healthy growth ; 
if the cleavages of such bodies became more and 
more acute and the linkages correspondingly 
less and less firm, in course of time — 

Why, then England too would be having a 
caste system quite as strict and complicated as 
any in India today. The artisans and crafts- 
men, the butcher and botcher, barker and baker ; 
the carrier and cartwight and cowherd and 
cutter; the dyer and dustman and dairyman; 
the farrier and fowler and furrier and fuller; 
the grocer and goatherd and gardener; the 
harper and hawker and hatter; the joiner and 
jeweller and Jewish money-lender; the kitchener 
and knocker; the knacker and launderer; the 
minstrel and mason; the oilman and oxherd; 
the pursuer and poacher and pastry cook; the 
qiiarryman and collier; the squire and scrivener, 
salter and saddler, sweep and stonecutter; the 
tailor and tinker; the vintner and vagrant; the 
woodman and watchmaker; the yoeman and 
yokel — briefly told, all these categories from A 
to Z of human activity in the social economy 
would be developed into castes, each living and 
working in his own watertight compartment, 
hermetically sealed and cut off from the rest, 
and then the English castes would be quite as 
numerous as the Indian castes in any given 
rural area. 

Such in brief is the genesis and growtb 
of caste as a social institution in India — 
the child of the Indian or Hindu primi- 
tive efforts to run ‘‘society’^ on an ord- 
erly and systematized basis — if we can 
stretch our sociological imagination to 
the dim beginnings when ‘^society’’ itself 
was being born in India. 

Evolution of Caste and Class in Mod- 
ern India, Caste in modern India is an 
example of social institutions that have 
developed almost to be the opposite of 
what they were intended to be. There 
is a tremendous gulf between what caste 
was planned to be and what it actually 
has grown to be. There is no doubt that 
caste in Hindu society was created to 
meet a definite need, although sociolo- 


gists may disagree on what the precise 
need was. As originally conceived and 
practiced, it had no class consciousness 
and economic implications. It never 
pursued values in terms of rupees and 
annas. It recognized no snobbery of 
worldly power or prestige, for the first 
caste was composed of priests who were 
never wealthy. Nor was the vocational 
division strict and rigid originally, for 
Brahmins have been warriors and doc- 
tors from earliest times. The Maurya 
emperors were Sudras, and several prin- 
ces in India today trace their genealogi- 
cal line to Sudra ancestors. In fact, we 
read in the Puranas stories of individ- 
uals and of families who changed from 
lower to higher castes and vice versa. 
Manu, the Hindu lawgiver, admits the 
possibility of ascent and descent. The 
Mahalharata, one of the great Hindu 
epics, points out : 

Tkere bas been so much mixture in marriages 
that no test of jati (or caste) or birth is good. 
The governing consideration should be sila (or 
character) and the first Manu has declared that 
there is no point in distinctions of caste if 
character is not considered. 

According to the great Hindu scrip- 
ture BJiagavad Gita (The Song of the 
Lord), ^^The fourfold division of caste 
was created by me (the Creator) accord- 
ing to the apportionment of qualities and 
duties. . . . Not birth, not sacrament, 
not learning makes one high caste but 
righteous conduct alone causes it.’’ 

The creation of caste, as we have seen, 
had nothing to do with the Hindu relig- 
ion. Once the system came to stay, how- 
ever, the Hindu religionists seized it, 
rationalized it, and gave it a metaphysi- 
cal and theological color, which to begin 
with did not distort the real purpose of 
caste. Despite all the religious injunc- 
tions that behavior and not birth and 
belief should be the hallmark of caste, 
the lapse of centuries blinded Hindu 
society to the true nature and signifi- 
cance of caste. It became stratified and 
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rigid and fell a victim to the abuses 
against which it had been warned. 
Moreoverj a philosophy was created and 
a rationale was evolved by the group 
consciousness of the first caste to sup« 
port the myth that caste was divinely 
ordained. They spread the insidious 
dogma that the status of every individual 
in this life and the caste in which one 
was born were determined by Karma, 
or one’s actions in previous birth. With 
interpolations such as these, the abused 
caste system was foisted upon an other- 
wise innocent Hinduism. Hinduism 
cannot be blamed for this social f ragmen- 
tation any more than Christianity can 
be blamed for the present international 
anarchy. The masses were misled, and 
the gullible millions resigned themselves 
to a system that fettered them to myriad 
disabilities. And as wave after wave of 
foreign invasions reduced India to a life 
of constant peril and insecurity, these 
fissures in Hindu society became deeper 
and resulted in the fragmented shambles 
of the meaningless social structure that 
caste is today. 

Caste and Color. Some European and 
American scholars have tried to explain 
the Hindu caste system as the outcome 
of the contact and conflict between the 
alien light-skinned Indo-Aryans and the 
Dravidians, the original and older in- 
habitants of India. This might have 
been expected from Nazi Indologists who 
can explain institutions they do not com- 
prehend only in the light of race prob- 
lems based on color. Is there any basis 
for this comfortable myth of certain 
Western scholars whose preoccupation in 
this regard seems to be the pigment of 
the skin! Since the Yedas mention 
Ary a Varna and DoLsa Varna, and the 
four supposed high castes as Ghatur 
Varna, and since Varna means, among 
other things, color, these observers have 
readily jumped to the conclusion that 
the caste Hindu was white and the out- 


caste Hindu was black. Were we to ac- 
cept this, the logical absurdity must 
follow that the second caste must be red 
and the third yellow and so on. These 
scholars would like to think naturally of 
white Brahmins, red Kshatriyas, yellow 
Vaisyas, brown Sudras, and black Pan- 
chamas. But there was never a ^^race” 
problem in India in the scientific anthro- 
pological sense. The castes in India, 
therefore, do not represent 4,000 or 5,000 
different biotypes with as many shades 
of color beginning with black and ending 
with almost blond. Caste is not physi- 
cal and is not and was never iased on 
color. 

The problem of the untouchables” 
has often erroneously been treated as a 
separate problem by several writers. 
Caste and untouchability are not two 
different social institutions but are 
merely the two sides of the same counter- 
feit coin. They are indivisible, for 
when we have caste we naturally come 
to have the outcaste too. The outcaste 
is the logical corollary of the caste and 
as such must be approached as an in- 
tegral part of the caste system. The 
only and the best way to abolish un- 
touchability is to abolish caste. We 
cannot destroy one phase of a sickly 
social institution and retain the whole. 
Gandhi once said that if Hinduism is to 
live, untouchability must die. And if 
the caste system lives untouchability 
cannot die. A quick and effective 
method for its abolition should and must 
be found. 

Caste today. Caste has become some- 
thing new. It is neither what it was 
intended to be nor even what it was a 
few decades ago. In theory the system 
and its restrictions do exist, but their 
sting has gone. Countless new, nation- 
building forces, both from within and 
from without, have set in. The result- 
ing disintegration has reduced caste in 
several regions of India to a ghost of its 
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former self. Most vital of these forces 
have been Western education, modern 
democratic conceptions of equality, rapid 
means of transportation, increasing ur- 
banization, and gradual industrialization 
of the country. The influence of West- 
ern education has led intelligent people 
to wonder about the need for caste today. 
Happily, many of these progressive 
forces attacking caste have come from 
within. All social reformers who have 
attacked caste, from Eaja Eammohun 
Eoy to Mahatma Gandhi, have belonged 
to the Hindu fold. 

Eoads, buses, railways and steamships, 
airplanes, telephones, the telegraph, and 
radios have begun to reduce India’s 
geographical immensity to a tiny unit. 
Interprovincial migration, rural exodus, 
the growth of cities, emigration and 
foreign travel — all these are breaking 
down the barriers of caste. Industriali- 
zation is upsetting the traditional pat- 
tern of the occupational distribution of 
India’s population. 

To take up only one caste as an ex- 
ample, the Brahmins, the supposed Her- 
renvolk of Hindu society, can be found 
today in almost all occupations. Their 
ancient monopoly of priestcraft and 
piety has vanished. They follow liberal 
professions, such as law, medicine, teach- 
ing, and Government service — from 
clerks to ministers of the cabinet. Some 
Brahmins are landowners, or mirasdars. 
Some have become peasants. There are 
Brahmin nonpolitical convicts, and there 
is actually an all-Brahmin criminal tribe, 
like the Tagris, on the upper Jumna. 

The same is true, for instance, with 
Sudras, the peasants who belong to the 


supposedly high-caste Hindu society. 
Today they are found not only in their 
traditional occupation of farming but 
in practically every other profession as 
well. Among them are doctors, lawyers, 
professors, presidents, clerks, civil ser- 
vants, businessmen, bankers, cabinet 
ministers, Sanskrit scholars, and even 
priests. 

The influence of caste on occupational 
distribution has definitely vanished. 
The inevitable pressure of modern eco- 
nomic insecurity has forced the people 
to forget Manuks injunctions and earn 
their living as best they can. No longer 
can it be strictly said that caste inter- 
feres with the economic life of the people. 
The driving force behind present-day 
occupational distribution is ability, op- 
portunity, and qualifications, not sociore- 
ligious stratified gradations of a bygone 
era. Today we find priests and profes- 
sors, doctors and lawyers, cooks and 
maids, beggars and vagrants among all 
castes. The caste system has become 
metamorphosed into a class system — ^the 
haves and the have-nots. 

Yet in parts of rural India, in meals 
and marriages, caste restrictions do con- 
tinue even today. Intereaste dining and 
intercaste marriages are increasing, but 
they have not become the order of the 
day. Nevertheless, the people are realiz- 
ing that their caste prejudices are un- 
democratic and hostile to a healthy na- 
tionhood. Many a blow at the caste 
system has been struck, but as yet none 
has proved fatal. But caste must and 
win go. And the hastening of its end 
is the endeavor of young and progressive 
India. 



OUR INDIGENOUS SHANGRI-LA 

By WARD SHEPARD 


In THIS century of revolution, the 
■world will be swept by social changes 
as vast and far-reaching as the techno- 
logical revolution of the past century. 
Fundamentally, the emerging social 
revolution — of which two world wars 
and a world depression were symptoms 
— ^revolves about the nature of man and 
of human society. Peoples are stirring 
to achieve a freedom, a dignity, and a 
way of life worthy of their status as 
human beings. Can these changes be 
scientifically guided as were the vast 
technological changes of the past cen- 
tury, or must they be left to the emo- 
tional clash of partisan polities and of 
pseudoscientific ideologies? Can we 
achieve a science of society, can we learn 
to diagnose the spiritual maladies of 
modem man, can we build life-giving 
institutions which will release the great- 
ness that is potential in all men, can w^e 
define valid goals of collective social en- 
deavor that correspond to the actual 
spiritual nature and needs of man f Or 
must social reconstruction continue to 
be based on rules of thumb, hunches, 
guesses, and pseudosciences ? 

The answer hinges on whether or not 
it is possible to create a social science 
which, in the unique realm of human 
life, achieves the essential practical func- 
tion of all science — ^namely, prediction. 
It is the predictive power of science that 
gives men some prevision and some con- 
trol over their destiny. Measured by 
this test, the social sciences have been 
highly deficient. Eddington has said 
that a physicist cannot but look with 
dismay on the disorganization of the 
sciences pertaining to human life. This 
disorganization grows out of the failure 
of the social sciences to achieve qualita- 
tive methods of assessing the values of 


human institutions. Historically, under 
the impact of the ^‘natural law’’ doc- 
trines of the Enlightenment, the great 
quest of the social sciences was for a sys- 
tem of natural laws,” modeled on the 
classic Newtonian concept, externally 
governing the origin and development of 
human societies. In its heyday, Comte 
and Spencer were the philosophical in- 
terpreters of this quest and, in its de- 
cline, Spengler. With the recession of 
the rainbow of ‘‘natural law,” the social 
sciences turned to the useful, but not 
very illuminating, task of description, 
and at the same time cultivated a pose 
of moral neutrality toward the social 
phenomena they investigated. If, how- 
ever, the social sciences are to yield the 
qualities of prediction, evaluation, and 
control, they mnst expand their horizons 
and create new scientific methods. 

The social sciences are confronted with 
a unique subject matter. In essence, it 
is the problem of human values. Human 
societies are what men make of them. 
Theoretically and historically, their 
diversity, good and bad, is limitless. 
What is a good society and a bad society, 
a good institution and a bad institu- 
tion? If the social sciences cannot 
evaluate social institutions, then in this 
age of unprecedented whirling change 
the fateful decisions of world social re- 
construction must be left at best to 
benevolent amateurs and at worst to 
dangerous ideological demagogues. 

In this day of Armageddon, the last 
place in the world one might expect to 
find the clue to a science of society would 
be in a study of the ancient Hopi Indian 
villages, perched high on their sun- 
drenched crags in northern Arizona. 
Yet a fascinating little hook, The Hopi 
Way, published by the University of 
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Cliicago Press, and written by Dr. Laura 
Thompson, anthropologist, and Dr. Alice 
Joseph, psychiatrist, boldly and sneeess- 
fiilly attacks this central human theme: 
What kind of values does a given human 
society foster, how does it foster them, 
and -what human personalities emerge? 

In this article I have set forth the 
main conclusions of the authors of The 
Eopi Way and have accepted them at 
face value. But the broader interpre- 
tation of the significance of the new 
methods, as well as the conclusions on 
the philosophical implications of the 
Hopi way of life for modern society, are 
my own. 

Historically, the endless struggle for 
human freedom has been the instinctive 
quest of multitudes of men for personal 
fulfillment. The kind of people a society 
produces is the only fixed bench mark 
against which the validity of a society 
and its institutions and values can be 
judged. Neither historical perspective 
nor the classical '‘natural law’’ myth 
affords any such fixed point of reference. 
The judgment of social institutions, and 
more particularly the projection of valid 
new institutions, against this bench mark 
will be the future field of the social sci- 
ences. The social sciences cannot con- 
tinue to take refuge in the neutral pose, 
the amoral attitude, of physics. For all 
human purposes, the cosmos is fatefully 
teleological and the ultimate task of a 
science of society is to evaluate human 
values. 

The Eopi Way pioneers boldly on this 
new path. In essence, it disentangles 
the reciprocal flow of forces to and fro 
between the totality of a society and the 
personalities of its constituent members, 
in order to weigh and value the kind of 
people that society produces. Scientifi- 
cally, it is of secondary importance that 
it happens to deal with the Hopi Indian 
community of northern Arizona, as part 
of a larger study of several changing 
Indian tribes. 


I have had the privilege of reading in 
manuscript the second volume of this 
series, on the Navajo people, by Dr. 
Clyde Kluckhohn and Dr. Dorothea 
Leighton. This extraordinarily vivid, 
detailed portrait of Navajo society and 
Navajo personality structure — ^both at 
almost opposite poles from the Hopi — 
strongly verifies my main conclusion 
from the Hopi study : that in the Indian 
personality project a new and powerful 
tool of social and personal analysis and 
evaluation is being forged. There is no 
intrinsic reason why the striking meth- 
odology applied to this small primitive 
group cannot be developed for great 
modern societies. Indeed, I should like 
to suggest that it be applied to a thor- 
oughgoing analysis of the historic and 
social origins of the fatal psychic break- 
down of the German people, in order to 
afford a scientific foundation for the 
Allied occupation and administration 
and for the long-range moral regenera- 
tion of the German people. 

There is, too, in this little book the 
fascination of discovery beyond scien- 
tific pioneering. For the Hopi com- 
munity, subjected to an intense and 
manifold scientific scrutiny, turns out 
surprisingly to be an "ideal republic,” 
a pure, achieved democracy, intensely 
nurturing an ancient spiritual culture, 
intensely nurturing and socializing its 
young. And furthermore the unusual 
wisdom and the beauty of the Hopi way 
of life contain a healing message to 
minds drenched in the terror and pity 
of world tragedy, oppressed by the 
specter of vast and unpredictable 
change. Even more, the Hopis, having 
long since mastered the fine art of cul- 
tivating the garden of human life, have 
much to tell us about the essential eter- 
nal values required for the sustenance 
of the human spirit. 

In their forbidding and picturesque 
desert, the Hopis have lived for cen- 
turies, and continue to live, largely iso- 



160 


THE SOIENTIEIO MONTHLY 


lated from tiie great world. Living in 
several compact villages, with a total 
population of about 3,500 souls, they 
afford ideal conditions for a study of 
almost laboratory precision. Tbeir cul- 
ture is self-contained, complete, and re- 
markably stable. It is colorful, rich, and 
spiritually powerful. It is highly com- 
plex, but its complexity is offset by the 
fact that its categories of order are pre- 
cisely organized and articulated into a 
singularly balanced whole. Finally, it 
displays virtually none of the pathologi- 
cal symptoms that have disintegrated 
modern civilization. It is a society de- 
voted to intensity of living and to a 
sophisticated faith in man’s importance 
in the cosmos. 

The Hopi culture has developed and 
survived for over a thousand years 
against a background of drastically 
severe and precarious economic condi- 
tions. Food and water must be wrested 
with infinite skill from a semiarid land, 
subject to severe droughts, crop failures, 
floods, and, in recent times, soil erosion. 
Famine, through the centuries, has been 
an ever-present threat, and certainly 
often a grim reality. Yet the Hopis met 
and mastered the challenge of the desert 
both on the physical and on the social 
and the spiritual level. On the physical 
side, the desert forced them to achieve 
a remarkably effective technology of dry 
farming. On the social level, it forced 
a democratic, cooperative social struc- 
ture which tolerated no waste of human 
energy and no individual self-seeking, 
and yet achieved a high degree of human 
freedom and individual development. 
And on the spiritual side, this starkly 
demanding earth-environment, which 
permits no negligence and no mistakes, 
yet yields reluctantly to precision, in- 
sight, and cooperation, may well be the 
ultimate source of the central philosophi- 
cal theme of the Hopi religion and 
world-view. The entire realm of nature, 
say the Hopfe, in its farthest cosmic 


sweep and through human society which 
is a part of nature, constitutes a system 
of reciprocal and mutually supporting 
relations, in whose working out the deci- 
sions, actions, and even the thoughts of 
men play an important part. Thus, the 
‘‘primitive” Hopis anticipated by sev- 
eral centuries some of the main philo- 
sophical doctrines of James and White- 
head. Verily, among the Hopis, as 
among the ancient Hebrews, the stark 
clarity of the desert is more provocative 
of cosmic insight than the steaming jun- 
gle of industrial civilization. 

The most striking thing about the 
Hopi culture is the almost complete ab- 
sence of political government — a void 
that is filled by an extraordinarily com- 
plex, integrated, and antonomous system 
of social and personality controls. There 
is, to be snre, a modern Tribal Council 
fostered by the Indian Service, bnt it 
has as yet assumed little or no tribal 
leadership. And there are village chiefs 
and priests, whose main functions, how- 
ever, are concerned with the traditional 
religions ceremonies. There is no law- 
making body: the law is custom, and 
custom is the law. Looking at the world 
trend toward centralized bureaucratic 
government, one would expect in the 
almost literal “anarchy” of Hopiland a 
perpetual reign of chaos. On the con- 
trary, quite the opposite is true. The 
principle of order is implicit in the or- 
ganic structure of the total Hopi culture. 
This culture is based on the insight that 
freedom and order are indivisible and is 
devoted to the unfolding of personalities 
that know how to utilize, to fit into, and 
to sustain the subtly and intricately 
woven web of Hopi life. From birth to 
death the Hopi Indian is enmeshed in a 
complex system of interpersonal and in- 
tergroup relations, explicitly defined and 
fostered, yet yielding diversified, power- 
ful, and stable personalities. 

This burden of social ordering is 
mainly carried by two institntions — ^the 
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familial clans, whicli in tnm are grouped 
togetlier into larger systems or phratries, 
and the secret societies, mostly for the 
men and boys. The functions of these 
two institutions are diverse, though com- 
plementary. The clan is a widely rami- 
fied system of mutual and clearly defined 
interpersonal obligations and rights, 
drawing people together for mutual sup- 
port through the powerful biological 
pull of kinship. It is within the family 
and the clan that children are rigorously 
trained from birth in the primal recipro- 
cal human duties, rights, and skills — 
a habitual, conscious, defined ethical 
conditioning that leaves nothing to 
chance, yet ultimately relies on individ- 
ual decision. The secret societies, on 
the other hand, initiate the successive 
generations of boys and young men into 
the higher ethical and intellectual pre- 
occupations of the tribe. They are, 
among other things, the custodians and 
carriers of the ancient, elaborately beau- 
tiful, ritualistic ceremonies. These cere- 
monies embody the high esthetic, re- 
ligious, and philosophical values of the 
tribe. Year after year, generation after 
generation, the Hopis devote an intense 
energy and a vast amount of time to the 
professional mastery and performance 
of these psychic dramas. Roughly speak- 
ing, the secret societies and the cere- 
monies are the institutions of higher 
education as contrasted with what might 
be called the primary education centered 
in the family and elan. And, by cutting 
across clanship lines, they counteract 
any divisive tendency among the elans. 

Within this highly structured social 
framework the individual leads from 
birth a life that is oriented in minute 
detail toward a certain goal. That goal 
is the evocation of the individuars 
power and devotion for the benefit of 
the whole group and the conscious dif- 
fusion of his loyalties among the great- 
est number of people. At the heart of 
Hopi culture, therefore, is a thoroughly 


instrumented ethical principle which is 
almost diametrically opposite to the ego- 
centricity deliberately cultivated by our 
acquisitive Western civilization. What 
kind of personality emerges from such 
a culture so oriented ? 

The method used by the authors in 
their study was to bring the various dis- 
ciplines of anthropology, history, sociol- 
ogy, natural ecology, psychology, and 
psychiatry to bear simultaneously on 
determining how the total cultural com- 
plex, the nature-culture continuum, op- 
erates in shaping the individual per- 
sonality. The result is a dynamic, inte- 
grated picture of the total Hopi culture 
from the economy to the total world- 
view. Treating the culture not as a 
static structure but as a dynamically 
balanced system of forces, the study 
then proceeds to its main quest: what 
kind of human being emerges from this 
particular system, and whyf 

A wide range of devices was used to 
get at the underlying personality struc- 
ture of the Hopi people. There are de- 
tailed psychiatric ease studies of many 
Hopi children, and a variety of psycho- 
logical tests applied to large groups, up 
to the age of 18 , designed to reveal intel- 
ligence, emotional responsiveness, moral 
ideology, and a detailed picture of the 
basic personalities of the children tested. 
The results of these studies are then 
correlated with, and interpreted from, 
the characteristic operating forces of the 
whole culture. 

The individual case studies reveal two 
highly significant things. One is the 
wide diversity of personality among 
Hopi children — diversity of emotion, 
intellect, imagination, behavior. Indi- 
rectly, these results throw some light on 
the much-mooted question of the relative 
influence of environment and native en- 
dowment in shaping personality. Com- 
pared with ours, Hopi society is highly 
regimented ; yet the stubborn inborn 
qualities of the unique individual per- 
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sist and come to fruition. A second find- 
ing is that personality maladjustments 
and warps arise in Hopi culture — and 
presumably in any culture — ^from the 
same types of environmental irregulari- 
ties, from which we may infer that the 
primal demands of human nature are 
biologically embedded in the mind-body 
complex and are inescapable in any type 
of culture. 

The various testing devices bring forth 
vividly the qualities of mind, imagina- 
tion, and character of the Hopis, and 
above all the values by and for which 
they live. The intelligence of Hopi 
children up to 18 (the highest age level 
of the study) was found to be markedly 
higher than that of white children, as 
measured by identical tests. They espe- 
cially excel in complex tests of the maze 
and puzzle variety. They reveal a ca- 
pacity to weigh the significant details of 
complex situations and to deal with such 
situations as organized wholes. They 
have, in short, a highly developed ca- 
pacity for ‘‘multidimensional” thinking. 
Unless one adopts the very improbable 
hypothesis of an innate intellectual su- 
periority, one is forced, with the authors, 
to believe that the Hopi Indians have 
developed outstanding and whole minds 
because the entire fabric of their lives — 
from the precise fitting together of their 
rigorous agricultural techniques, through 
the intricately functioning clan and cere- 
monial structures, up to their cosmic phi- 
losophy of a reciprocally interacting uni- 
verse — deals incessantly with complex 
but balanced organic systems. 

The Hopi system of moral values is 
markedly different from our own. Per- 
sonal ambition for the sake of the self, 
for prestige, is virtually unknown, and 
personal failure or inadequacy carries 
little or no weight. Individual motiva- 
tions are directed outwardly toward the 
group, which probably accounts for the 
Hoping extraordinary oversensitiveness to 
group criticism. Mere acquisition is not 


a Hopi incentive. Of all pleasure-giv- 
ing activities, work with the group — in 
household or field or ceremonial — ranks, 
among the highest. Aggression toward 
others is looked on with extreme aver- 
sion. The very name “Hopi” means 
“the peaceful people.” 

Yet the Hopi society is not a pure 
Utopia. The stress of the exacting phys- 
ical environment and of the still more 
exacting social environment tells on the 
Hopi personality in a certain lack of 
spontaneity, often amounting to rigidity. 
A powerful, abstract, intellectual devel- 
opment has been gained at some loss of 
creative exuberance. Yet despite these* 
stresses and strains, the Hopis are de- 
cidedly not a neurotic people. In fact, 
the Hopi personality is highly intelli- 
gent, balanced, rounded, stable, yet 
varied, richly developed, and frequently 
creative. It is also responsible, duty- 
bound, cooperative. It is overwhelm- 
ingly group-minded rather than ego- 
minded. The Hopi has freedom — ^but 
freedom within the law. What he has 
sacrificed in emotional spontaneity he 
has gained in security and group sur- 
vival. It is something more than blind 
love of ancient ways that makes the 
shrewd and sophisticated Hopis resist 
the encroachment of white civilization. 
From their lofty sky-cities, they look 
down on us in more than the physical 
sense. 

The Hopis live richly, intensely, yet 
peacefully, and the substance of their 
lives is spiritual, not material. Has 
such a culture anything to offer to the 
modern distraught world beyond forti- 
fying the yearning of many for a primi- 
tive escapism? I think it has many 
things, of which I shall mention only two 
or three. The Hopi society is an ex- 
ample of extreme decentralization. Not 
only skills but ethical sanctions are in- 
ternalized in the individual to the point 
where the society can virtually dispense 
with coercive authority. The society is 
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self -managing. Modem govemment and 
industry, on the other hand, have stead- 
ily abstracted powers from individuals 
and primary communities and lodged 
them in central bureancratie hierarchies. 
In this ‘‘managed’’ society, the anony- 
mous standardized individual becomes a 
cog, or a serial number, with an unde- 
veloped mind and personality suitable to 
his insignificant role. Such a society, in 
its later degenerative phases, as fascism 
shows, can be held together only by ma- 
chine guns — ^and not very long. 

The Hopi society is organized to de- 
velop complete, rounded, stable person- 
alities devoted to the community rather 
than to the self. The Hopi people live 
intensely. Theirs is a pure democracy 
whose chief concern is the attainment of 
human excellence. In material things 
the Hopis are poor, but not squalid. 
They are not oppressed by material 
luxury or the need of it. Their wealth 
is people, not goods. The simple rich- 
ness of their lives, the power of their 
minds, grow out of their preoccupation 
with the essential nature of things, with 
cosmic beauty and order, with the beauty 
of the earth and of the changing seasons 
and above all with the beauty of people 
and of human relations. The teleology 
of the cosmos, Whitehead has said, is de- 
voted to the unfolding of variety, inten- 
sity, and beauty. In its own way, the 
Hopi culture exhibits these qualities in 
an organic community timelessly rooted 
in and flowering out of the order of 
nature. 

Since the Eenaissance, Western man 
has been dominated, in all aspects of his 
life, by the concept of egocentric indi- 
vidualism, fortified in more recent times 
by the doctrines of survival of the fittest 
and of automatic linear progress. These 
dominant Western concepts have played 
an important historic role in the devel- 
opment of science, technology, and our 
important but only half -realized ideals 
of democracy. Nevertheless, in their 


final stages, they have been primarily 
responsible for the disintegration of 
Western civilization, since they ignore 
the supreme nurturing function of so- 
ciety vis-a-vis the individual personality. 
Paradoxically, the frantic quest for ego- 
centric individualism ended by more and 
more diminishing the individuality, the 
freedom, and the very souls of Western 
men. More and more they have been 
subjugated to the machines, the owners 
of machines, and the powerful central- 
ized state whose raison d^etre is to keep 
the machines running. 

Western civilization has been dark- 
ened by the fog of an unworkable mate- 
rialism which does not nourish the basic 
needs of the human personality. Its 
materialistic goals are juvenile, recessive, 
atavistic; the “abundant life” we visual- 
ized is trivial and thin. We have been 
building a pyramid civilization that has 
everything but a soul. It is therefore 
not surprising that our civilization has 
become predominantly psychoneurotic, 
and that modern men are filled with 
anxiety, boredom, cynicism, and hope- 
lessness. Nor is it surprising that an 
economy devoted to egocentric material- 
ism and human exploitation almost 
ceased to function except for war pro- 
duction. The extraordinary paradox of 
modern civilization is that, as men have 
gained unprecedented scientific power, 
they have steadily lost self-respect, pride, 
and dignity. Probably at no stage in 
history has the human ego been so dan- 
gerously deflated. It is not only disil- 
lusioned about itself, but it even has the 
temerity to be disillusioned about the 
cosmic process. These are not the nor- 
mal symptoms of a healthy biological 
organism, nor is there anything visible 
in the nature of the cosmos to doom man 
perpetually to such a pathological out- 
look. They are the product of frustra- 
tion. Our civilization is suffering from 
acute spiritual anemia. 

No one would be so naive as to sup- 
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pose that a modern technological cnltiire 
can adopt the ancient, prescientific cnl- 
tnre of the Hopi Indians. Bnt it is pos- 
sible for modern civilization to create a 
rich, selfless, intense manner of social 
living, to reorient itself to the prodne- 
tion of full human personalities, who in 
turn devote themselves cooperatively to 
great social ideals of beauty and excel- 
lence. The modern analogue of the Hopi 
democracy is a completely cooperative 
democracy, which will not tolerate the 
subjugation of man by man and which, 
by subduing the economic system to an 
efficient but secondary role, will open the 
way for developing an intense, localized, 
diversified, essentially spiritual culture. 
All men are potentially great because all 
men share in the universal mind. The 
essential goods of civilization are its con- 


stituent personalities. Human history 
does not move toward some “far-off 
divine” event. Fulfillment of life is 
here and now: “Our road is also our 
goal.” The burden as well as the privi- 
lege of life is that it must be lived fully 
and intensely, each creature unfolding 
its full potencies and fulfilling its own 
nature. The alternative is degeneration. 

The fateful choice of our civilization is 
not between guns and butter, but be- 
tween half men and whole men. The 
Hopis cannot give us the blueprint for 
a new civilization, but they can instruct 
us in the nature of society as the nurtur- 
ing ground of whole men and in the 
essence of true democracy, in which the 
eternal and yet infinitely malleable sub- 
stance of human nature is wrought out 
to its full beauty. 


SAINT LOUIS 


From December 7 , 1941 to August 14, 
1945, scientists were preoccupied with war. 
Free neither to write papers nor to talk 
about their work, they had no time to travel 
to 'scientific meetings, few facilities for travel, 
and still fewer meetings to travel to. 

Meanwhile new knowledge has been ac- 
quired; new applications of old facts have 
been discovered; new techniques have been 
evolved; new equipment has been invented. 
The seientffie atmosphere is charged almost 
with ihe potential of the journalistically 
overworked atomic bomb, and it is appro- 
priate to channel the pent-up energy into a 
scientific meeting. This is what the Assoeia- 
tion and many of its affiliated societies pro- 
pose to do at Saint Louis from Wednesday 
March 27 through Saturday March 30, 1946. 

The meetings are predestined to be a suc- 
cess. Perhaps there will be few definitive 
papers dealing ivith the phenomenal scientific 
developments of the war; possibly the exhibi- 
tors will have trouble filling their booths in 


the Auditorium with the latest gadgets and 
inventions, which are not yet in production; 
probably the overcrowded trains and hotels 
will cause personal discomfort, and the dates 
of the meeting — the only ones available any- 
where for a meeting of this size — ^will prove 
inconvenient. But for other and more basic 
reasons the Saint Louis meetings will he a 
success: Scientists throughout the nation 
have much to talk over — ^perhaps more in the 
lobbies than in the meeting rooms. The isola- 
tion, the specialization, the pressure of the 
war years demand release through eoversa- 
tion and discussion. 

Actually, the scientific fare, from A. J. 
Carlson’s address of March 27 down to the 
smallest exhibitions in the Auditorium, gives 
every promise of being unusually good. But 
what guarantees success at Saint Louis is the 
resumption of scientific fellowship, the per- 
sonal exchange of greetings, opinions, and 
experiences following the long and unrelieved 
years of war. — A. M. 



THE DEVELOPMENT OF THE 
CONCEPT OF HEAT— I 

FROM THE FIRE PRINCIPLE OF HERACLITUS THROUGH 
THE CALORIC THEORY OF JOSEPH BLACK 

By MARTIN K. BARNETT 


The development of modern investiga- 
tions on tlie phenomena of heat is con- 
nected with two distinct notions as to 
the nature of heat, the one asserting the 
substantial (‘‘fluid’’) nature of heat, the 
other maintaining that what we perceive 
as heat is essentially a rapid vibration 
of the particles of the body which feels 
hot. It will be of interest to trace the 
history of these ideas, the roots of which 
are to be found in antiquity. 

The Greek Notion of Fire. The phe- 
nomena of combustion must have early 
excited wonder and speculation, but the 
first European to give the concept of 
“fire” a prominent position in a system 
of natural philosophy was the Greek 
philosopher Heraclitus (cir. 500 B.c.). 
However, as Windelband (1, p. 36) 
notes, when Heraclitus declared fire “to 
be the essence of all things, he under- 
stood by this not a material or substance 
which survived all its transformations, 
but just the transforming process itself 
in its ever-darting, vibrating activity, 
the soaring up and vanishing which cor- 
responds to the becoming and passing 
away.” Hence, it would be a super- 
ficial view, indeed, which regarded the 
Fire Theory of Heraclitus as the root of 
the phlogiston theory or the caloric hy- 
pothesis which flourished over a thousand 
years later. Rather, in his conviction 
that all things are in a continual flux, 
that permanence is illusion due to the 
strife of opposites, he is closer to the 
Mnetic view of heat. 

A much closer approach to the sub- 


stantial view of heat is found in Em- 
pedocles’ (450 B.c.) four-element theory. 
He postulated as elements earth, water, 
air, and fire and thought that all change 
must consist in the dividing, intermin- 
gling, and separation of these fundamen- 
tal constituents, regarded as imperish- 
able, homogeneous, and unchangeable. 
The four-element theory gained great 
influence through its adoption by Plato 
(427-347 B.c.) and Aristotle (384^322 
B.C.), the latter, however, introducing 
an important modification, namely, the 
postulate that the elements may be trans- 
muted into one another by modification 
of their properties.^ 

Ellis (2, p. 76) thinks that earth, 
water, air, and fire of the Greek four- 
element theory correspond to the modern 
terms, solid, liquid, gas, and energy. 
With respect to the first three of these, 
we may agree with Ellis: all solids, all 
liquids, all gases were no doubt referred 
to as earth, water, and air, respectively, 
the generic terms not yet having been 
formulated. The identification of the 
Greek fiLre-element with energy is, how- 
ever, objectionable. In the burning 
process, a bright fluid appears to emerge 
and it was no doubt this which Em- 
pedocles, and Aristotle after him, called 
“fire.” On the other hand, the recog- 
1 Aristotle’s properties were liot, eold, dry, 
and wet. Of these, hot and dry, espeeiaUy hot, 
were supposed to belong to fire; hot and wet, 
especially wet, to air; eold and wet, especially 
cold, to water; and cold and dry, espeeiaUy dry, 
to earth. By alteration of properties the one 
basic kind of matter could assume the form of 
fire, air, earth, or water. 
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nition of the peculiar nature of this “ele- 
ment'' is already evidenced by the fact 
that Heraclitus chose fire as symbolic of 
the principle of change and restless ac- 
tivity. Aristotle (1, p. 147) regarded fire 
as endowed with a peculiar centrifugal 
force ^ and Democritus (460-360 b.c.) 
considered the “fire atoms" to be the 
cause of life processes. 

Thus we see that in the Greek notion 
of “fire/' three ideas representing dif- 
ferent aspects of the combustion process 
are confused and they remained con- 
fused until modern times, when they 
finally received clear formulation in the 
distinct concepts of “quantity of mat- 
ter," “quantity of heat" (or, more gen- 
erally, “quantity of energy"), and 
“available energy" or “motive power. 

Greek Atomism. In the meantime, 
there had developed another view of the 
world which was destined to become, 
many centuries later, the foundation of 
the kinetic theory of heat. That view 
was Greek atomism. We have already 
noted how Heraclitus, captivated by the 
manifold change and variety in nature, 
had asserted that the essence of reality 
was simply flux or continual change, 
s 3 nnbolized by “fire." On the other 
hand, Parmenides (470 b.c,), founder of 
the Bleatie School, adopting as his defi- 
nition of Being, that which fills space 
(corporeality), reasoned that, since non- 
Being can neither be conceived of nor 
exist, therefore there exists only one 
Being which fiills all space. Further, 
Being, if it were to change, could only 
pass into non-Being ; because this is inad- 

2 As an element in the same category as earth, 
water, and air, is * ^matter’’; as identi- 

fied with perpetual process (Heraclitus), it is 
^‘quantity of energy^’; and as endowed with a 
peculiar force (Aristotle), as the ‘^principle of 
disturbance’^ (Empedocles), as endowed with 
unusual mobility (Democritus), or as the prin- 
ciple of restless activity (Heraclitus), it corre- 
sponds roughly to “avaUahle energy,’’ or mo- 
tive power.” 


missible, since non-Being does not exist, 
it follows that Being is eternal and un- 
changeable, and that all change as well 
as qualitative distinctions, must he 
illusory. 

Democritus, the great systematizer of 
the Atomistic School, confronted with 
the opposition between the doctrines of 
Heraclitus and Parmenides, attempted 
to effect a compromise. He adopted 
Parmenides' notion of Being, as a stuff 
whose sole properties are eternality and 
corporeality (space-filling). But to ex- 
plain the world of changing phenomena 
so insistently emphasized by Heraclitus, 
he supposed this Eleatie Being divided 
into small bits, scattered throughout 
empty space, and endowed with random 
motion. The continual flux of natural 
process, observed by Heraclitus, is noth- 
ing more, according to atomism, than the 
unceasing coming together and disinte- 
gration of the atoms, which, to be sure, 
are assumed to differ in size and shape. 
“All becoming, or change, is in its es- 
sence motion of atoms in space" (1, p. 
43). 

However, it is only insofar as the 
kinetic theory of heat may be regarded 
as derived from the general notions of 
atomism that Democritus and his follow- 
ers may be regarded as the true fathers 
of the modern kinetic notions regarding 
the nature of heat. For when we in- 
quire how the Greek atomists regarded 
the phenomena of fire and heat, we find 
that these were attributed not to any 
particular state of motion or configura- 
tion of the atoms of a body but to the 
presence in it of a particular species of 
atoms, namely, the “fire atoms." The 
“fire atoms," says Democritus, consti- 
tute a particular kind of atoms, namely, 
“the finest, smoothest, and most mobile." 
This phrase “most mobile" may be inter- 
preted to mean that the “fire atoms" 
were characterized by a greater velocity 
than the other atoms. But the modern 
notion that an ordinary atom, by acquir- 
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ing through impacts a greater yelocity, 
can become a ^^fire atom’’ is implicitly 
denied by Lucretius, the great popu- 
larizer of Greek atomism, when he states 
that atoms have always moved and al- 
ways will move with the same velocity 
(3, p. 139). 

The manner in which the Greek atom- 
ists regarded the phenomena of fire and 
heat is typical of the manner in which 
they explained many of the properties of 
matter: these properties were regarded 
as due to intrinsic, unchangeable prop- 
erties of the atoms in question rather 
than to the momentary condition of these 
atoms. Thus the peculiar fluid nature 
of liquids was attributed to the smooth- 
ness and roundness of their atoms. 
Things which were painful and harsh to 
the senses were supposed to consist of 
hooked, rough atoms. 

Thus, with respect to the nature of 
heat, Greek atomism is seen to occupy an 
intermediate position, which, indeed, was 
revived in modern times, especially by 
continental Europeans (4, p. 31). In- 
sofar as all things were regarded as con- 
stituted of atoms moving in space, Greek 
atomism foreshadowed the kinetic theory 
of heat. But in postulating that fire and 
hot bodies contain particular kinds of 
atoms (although, to be sure, they were 
not considered to be atoms of an impon- 
derable fluid), it tended to agree with the 
Aristotelian postulate of a fire-matter, 
which was the forerunner, not only of 
phlogiston, but also of a much more fer- 
tile conception, namely, Black’s caloric.® 

The Alchemical Principles.’^ The 
Hellenistic-Roman and Medieval Periods 

3 This statement is not intended to divert at- 
tention from the fundamental opposition be- 
tween Greek atomism and Aristotelianism. For 
Democritus the only primary, i.e., real, proper- 
ties of matter are extension in space and motion. 
Aristotle, on the other hand, was quite opposed 
to any attempt to reduce phenomena to mechani- 
cal causes, e.g., ‘^hotness’’ itself was, for him, 
a primary quality. 


contributed relatively little to the heat 
concept. The best European minds of 
these centuries were occupied with ques- 
tions of logic, ethics, or theological meta- 
physics. The only advances in the 
knowledge of heat were those gleaned by 
the alchemists of Egypt and Arabia and 
later of Europe, in their practical, partly 
magical, attempts to prepare gold from 
the baser elements and to discover the 
elixir of life. 

Throughout this period, the teachings 
of Aristotle functioned as the guiding 
light, especially among the Arabians, 
who introduced them into Europe 
through the invasion of Spain in the 
eighth century and also through contacts 
made during the Crusades.^ Like Aris- 
totle they regarded the one fundamental 
matter as capable of appearing in four 
different elementary forms (fire, earth, 
air, and water) which could be changed 
one into another by a proper variation 
of properties. However, in their prac- 
tical work with the metals, they came to 
regard Aristotle’s particular choice of 
properties as inadequate. Thus we 
find Geber, an Arabian alchemist of the 
ninth century, introducing the proper- 
ties (‘^principles”), “mercury” and 
“sulfur,” the first to account for the 
luster, volatility, fusibility, and mal- 
leability of metals, the second to account 
for their color, combustibility, affinity, 
and hardness. To these Valentine added 
the principle “salt” which was supposed 
to remain intact on chemical treatment 
and was regarded as serving as a sort 
of base for the union of the principles, 
mercury and sulfur. By variation of 
these three properties, the metals were 
thought to be capable of transmutation 
into one another. 

It is not difficult to understand how 

4 Of Aristotle works, only a portion of bis 
logic was transmitted directly to European pos- 
terity by means of tbe Christian theology. The 
remainder arrived much later via Arabia (1, p. 
268). 
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the alchemists came to associate sulfur 
with combustibility. A mixture of sul- 
fur and nitre was used as a fusion mix- 
ture for the metals, so that sulfur was 
thought to have the property (intense 
heat) of fire in this respect. Further, 
its yellow color suggested the bright 
color of ‘^fire-matter,” which appears to 
emerge from a substance, leaving an 
uncombustible residue. 

We must realize that the terms “sul- 
fur,” “mercury,” and “salt” were used, 
at least in the earlier centuries of the 
period, in a manner which, from our 
point of view, was metaphorical.® They 
denoted properties rather than sub- 
stances, although this distinction seems 
gradually to have been obliterated. 

System of Paracelsus, Thus we find 
Paracelsus (1493-1541) attempting to 
reconcile the Aristotelian four-element 
theory with the three principles of the 
alchemists by assuming that sulfur is 
the product of the action of fire on air ; 
mercury, that of the action of air on sul- 
fur ; and salt, that of the action of water 
on mercury. Paracelsus was a man of 
great influence, and his system, however 
imaginative, reveals an important fact, 
namely, that the three principles had 
come, in the minds of the alchemists, to 
acquire a substantial character so that 
they were placed in the same category as 
Aristotle’s four elements.® 

What had happened was, no doubt, 
that the three-element theory, because of 
its value in explaining the behavior of 
the metals, had come more and more 
into ihe foreground with the consequent 
neglect of the Aristotelian doctrine, and 
that, as a result, the former finally 

s Wisely avoiding confusion, Brown (5) caHs 
the alcliemical principles ^ ^ phUosophieul snl- 
merenry/^ etc. 

® Tills is particnl^ly evident from Paracelsus ^ 
description of , the ■humimg' process : ^ ^ That which 
sojiokes and evaporates over the fire is mercury, 
„ that which flames and is burnt is sulfur,, and 
©ITO' is' salt^^ (2, p. 161). 


usurped the province of the latter, at 
least in the field of metallurgy, so that 
the three principles came to be regarded, 
not only as properties, but as substances 
as well. Then the system of Paracelsus 
may be regarded simply as an attempt 
to justify current alchemical ideas by 
referring them back to Aristotelian doc- 
trine, regarded as fundamental. 

That by the latter part of the seven- 
teenth century, the sulfur principle, in 
particular, had come to acquire a defi- 
nitely substantial character and, indeed, 
to be more or less identified with the 
substance which we now denote by that 
name, is evident from Becher’s (1635- 
82) criticism of the alchemical combus- 
tion theory. Sulfur, he says, itself burns 
and therefore cannot be the principle of 
combustibility but must, like the metals, 
contain it. Becher definitely postulates 
that combustion is a process of decom- 
position, a view which seems to have been 
held by all of Aristotle’s followers, and 
states that in the burning of a substance 
the combustible principle, which he calls 
terra pinguis (fatty earth) , is evolved. 

Advent of Phlogiston. Stahl (1630- 
1734) substituted the term “phlogiston” 
for Becher ’s terra pinguis and skill- 
fully employed the hypothesis, under the 
name of the “phlogiston theory,” to 
correlate the phenomena of calcination, 
combustion, reduction, and metallic dis- 
placement of hydrogen from acids. 

Although the phlogiston theory came 
to exert a commanding influence on most 
of the chemists of the eighteenth century, 
it nevertheless shared the fundamental 
weakness of the sulfur theory which had 
preceded it, namely, the confusion be- 
tween property and substance. Nor was 
this alleviated by Stahl’s statement that 
phlogiston is “the material and principle 
of fire, not fire itself” (5), 

The increase in weight of a substance, 
on burning, and the essential part played 
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by the surrounding air were the main 
facts which finally overthrew the phlo- 
giston theory of combustion. The advo- 
cates of the theory met the first objection 
in two ways. Some of them regarded 
phlogiston, not merely as an imponder- 
able, but as actually endowed with nega- 
tive gravity : they regarded its presence 
as functioning to decrease the effective 
weight of a body. This idea was advo- 
cated by numerous alchemists before 
Beeher’s time and indeed was shared by 
Aristotle who, as we have noted, endowed 
his fire-matter with a peculiar centrifu- 
gal force. Others maintained that the 
increase of weight was due to the addi- 
tion of 'ponderable fixe-matter during the 
combustion process : the fire in the flame 
was thought to penetrate the container 
to which it was applied and combine with 
the burning substance. The second ob- 
jection, that the presence of air was 
necessary for combustion, was met by the 
assumption that it (the air) functioned 
as an absorbing agent for the phlogiston 
liberated. 

By the latter part of the eighteenth 
century, the phlogiston theory had be- 
come extremely unwieldy; in fact, phlo- 
giston had been variously identified as 
light, electricity, soot, and hydrogen, and 
indeed, in Prance, was still associated 
with sulfur (5). Hence the penetrating 
researches of Lavoisier (1775) on the 
weight relations involved in combustion 
were quite sufficient to east out from the 
minds of most chemists the 2,000-year old 
notion that burning is a process of de- 
composition and to establish in its place 
the postulate that combustion consists in 
the union of the burning substance with 
the oxygen of the atmosphere. 

However, as Merz (6, Chap. VIII) has 
noted, the phlogiston theory, insofar as 
it asserted that something was liberated 
in combustion, contained an element of 
truth which was destined to bear fruit. 
Lavoisier’s great service showed that the 
mysterious phlogiston had no place in a 


description of the weight changes in- 
curred by burning. But a more careful 
investigation of the changes occurring in 
the surroundings was to lead to a sort 
of reincarnation of the phlogiston theory. 
Our modem phraseology still bears wit- 
nes to that reincarnation, for we say that 
heat is liberated in burning. 

Nor had the concept of an impon- 
derable fluid, exemplified by phlogiston, 
reached the end of its scientific useful- 
ness. Rather, this end had come only in 
the ease of chemistry proper, which, fol- 
lowing the example of Lavoisier, pro- 
ceeded to concentrate on the study of 
the weight relationships in chemical 
change. In those branches of physics 
concerned with changes of state or con- 
dition, the concept of an imponderable 
fluid continued to be of service. We 
shall see that, as caloric, it rendered in- 
valuable service in comprehending and 
classifying the phenomena of change of 
state, expansion, compression, and re- 
ciprocal changes of temperature. In 
the eighteenth century Watson (1746) 
and FranMia (1706-90) independently 
proposed fluid theories of electricity. 
Later, Coulomb (1785-1789) advocated 
the two-fluid theory to correspond to 
positive and negative electricity. He 
also proposed two magnetic fluids. These 
fluid theories of electricity and magnet- 
ism served as the basis for the mathe- 
matical formulation of the laws in these 
branches of physics. 

Bise of the Emetic Theory of Eeat 
In the meantime, epoch-making advances 
in astronomy and mechanics had brought 
the motion concept into great scientific 
prominence, and this fact, together with 
the revival of Greek atomism, led more 
imaginative minds to the formulation of 
the modern kinetic theory of heat. 

It is of interest to note that in the cases 
of Bacon (1620) and Descartes (1640), 
motion theories of heat are advanced 
independently of atomism. This was 
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done, in the crudest form, by Francis 
Bacon (7, Chap. VIII) who, impressed 
by the motion of boiling liquids and fire, 
asserted heat to be the outward, upward, 
expansive motion of the small parts of a 
body. His doctrine is not a revival of 
atomism, for he states, specifically, that 
the motion is ^^not in the very minutest 
particles but in those of some tolerable 
dimensions,” nor does he postulate a 
void. He does not explain how a liquid 
can be in violent motion without being 
hot or how, on the other hand, a red-hot 
iron may be in a state of rest. Descartes, 
though denying the existence of a void 
and postulating the infinite divisibility 
of matter, nevertheless states motion to 
be the cause of ail change. In particu- 
lar, he regards the sensation of heat as 
due to motion communicated to the 
nerves, an old idea of Democritus (1, 
p. 114). 

Greek atomism was revived and popu- 
larized through the efforts of Magnenus 
(1646) and especially Gassendi (1647). 
The union of the motion and atomic con- 
cepts to account for thermal phenomena 
had not long to wait, for we find Boyle 
(1629-91) asserting, in quite the modern 
fashion, that heat is a molecular motion 
and Locke (1690) describing it as “a 
very brisk agitation of the insensible 
parts” of an object (8, p. 24). Hooke 
(1665) adopted a similar view toward 
the property of fluidity, attributing this, 
not to the shape of the atoms of the fluid, 
as the Epicureans had done, but to “a 
certain pulse or shake of heat.”^ 

Newton, too, who as Merz (6, Chap. 
VI) notes, first made the kinetic view of 
nature scientifically possible through the 
publication of Ms Principia (1687), 
states that ^‘heat consists in a minute 
vibratory motion of the particles of 
bodies” (9, p. 84). These views were 
heat beiiig nothing else but a very 
brisk and Tehement agitation of the parts of a 
these ^^ are thereby made so loose from 
one another, that they easily move any way and 
become fluid (2, p. 96). 


strengthened when Bernoulli (1738) laid 
the foundation of the kinetic theory of 
gases. 

Belation of Light and Heat, The ten- 
dency to associate heat with motion re- 
ceived a fresh impulse from the estab- 
lishment, by experiment, of the close 
relationship existing between light and 
radiant heat. For whether light be 
viewed according to the corpuscular 
emission theory favored by Newton or 
the undulatory theory of Huygens 
(1690), it is, in either case, a motion (in 
the first case, a streaming motion of par- 
ticles ; in the second, a vibratory motion 
in the ether), so that radiant heat, so 
closely related to it, must also be of the 
nature of motion. We have just noted 
Newton’s kinetic view of heat. Huygens 
also held such a view, for he not only 
states that light is a motion, but also that 
the solvent properties of heat and flame, 
the causes of light, indicate that they too 
are of the nature of motion (10, p. 211). 

The close connection between light and 
heat had already been vividly exhibited 
by the properties of the burning-glass of 
Archimedes (287-212 b.c.), and in the 
thought of the medieval alchemists the 
two were pretty thoroughly confused. 
In modern times we find a renewed in- 
terest in these phenomena. Tsehirn- 
hausen (1699), concentrating the rays of 
the sun with two large lenses, succeeded 
in burning wood, boiling water, and 
melting lead and iron. By coating the 
metals with charcoal, he was able to 
volatilize them, from which he deduced 
the salient conclusion that black bodies 
absorb the most heat. At the same time 
he cast doubt on the legitimacy of gen- 
erally identifying light and heat when 
he observed that the rays of moonlight 
could not be made to produce any notice- 
able heating effect. 

Boyle, by noting that the burning- 
glass remains operative in a vacuum, had 
already demonstrated that the propaga- 
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tion of heat and light is independent of 
the material medium, and Scheele (1777) 
verified this with the observation that 
heat felt ten feet from an oven is unaf- 
fected by an intervening stream of air. 
Scheele also made the important distinc- 
tion between this sort of heat which 
he called radiant heat^’ {strahlende 
Wllrme), and the heat passing out 
through the chimney with the smoke 
(convected heat), 

Lambert (1779), no doubt influenced 
by the emission theory of light, assumed 
that radiant heat consists of streams of 

fire-particles,^’ reminiscent of Democ- 
ritus. He was also convinced that these 
‘^fire rays” obeyed the same laws as 
light, and proceeded to deduce the laws 
of the burning lens from the principles 
of optics. At the same time, he was 
aware that the rays of ^‘dark heat” 
(infrared rays) were reflected in the 
same manner as light. 

The close similarity of light and ra- 
diant heat was further demonstrated by 
Pictet (1790), who noted that a ther- 
mometer placed at the focus, or “burn- 
ing point,” of a concave mirror imme- 
diately registered a rise in temperature 
when a hot body was placed at the focus 
of a second mirror, coaxial with the first 
but at a long distance from it. From 
this he concluded that radiant heat must 
be propagated in straight lines at a very 
great velocity, perhaps at the velocity of 
light itself. He contrasted this with 
conducted heat which, unlike radiant 
heat, must proceed from particle to par- 
ticle of the medium and consequently 
travels much more slowly. However, a 
complete distinction between radiant 
and conducted heat is not attained by 
Pictet, for, on failing to concentrate the 
heat from boiling water by means of a 
glass mirror, he thinks this might be 
done with a mirror which is a better con- 
ductor of heat, e.g., a metal mirror. 

Hutton (1794) identifies light with 
radiant heat and postulates that dark 


bodies also emit radiation, even though 
undetectable by the eye. A hot body, he 
says, converts heat to light which, on 
absorption, becomes heat again. A step 
backwards appears to have been made by 
Herschel (1800) when he stated that 
every ray consists of a light ray and a 
heat ray. 

Rumford (1805), famous for his ex- 
periments on frictional heat, regarded a 
body which radiates heat as analogous 
to a bell sending out vibrations (heat 
waves). The temperature of the hot 
body, he says, is determined by its period 
of vibration. A series of experiments led 
Rumford to further important conclu- 
sions: (1) all bodies radiate at every 
temperature; (2) the intensity of radia- 
tion is different at the same temperature 
for different bodies (substances) ; (3) 
bodies at the same temperature do not 
influence each other through radiation. 

To Leslie (1804) is due the important 
observation that strongly reflecting sur- 
faces are also poor emitters of radiation 
and that heat absorption and heat emis- 
sion increase and decrease together. He 
also discovered that the intensity of ra- 
diation (from a unit area of surface) at 
a point outside a radiating body de- 
creases with the angle made by the sur- 
face of the body with the line of propa- 
gation of radiation to the point Leslie’s 
speculations on the nature of heat are 
less fortunate. For, ignoring Boyle’s 
discovery that radiant heat is propagated 
in a vacuum, he attributed radiant heat 
to air pulsations set up by the radiating 
(vibrating) body, thus confusing radia- 
tion with convection. 

Prevost (1809), who clearly distin- 
guished between the radiation and con- 
duction of heat, adopted the emission 
theory of radiant heat (calorique rayon- 
nant) and developed it along lines sug- 
gested by Bernoulli’s kinetic theory of 
gases. He notes that glass retains “dark 
heat” but allows radiant heat to pass 
through and thinks this may be due to 
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tlie fact tliat there are several kinds of 
heat particles. Enmford had already 
postulated that all bodies radiate at 
every temperature,® and Prevost brought 
this principle into great prominence in 
his celebrated ‘‘Theory of Exchanges.” 
A hot body is simply one which emits 
heat particles at a greater rate than 
colder bodies. The apparent state of rest 
characterized by equality of tempera- 
tures is really, says Prevost, a state of 
dynamic equilibrium in which the bodies 
emit the particles of “radiant caloric” 
at the same rate. 

It will be unnecessary to describe here 
Fourier’s (1817) mathematical systema- 
tization of the facts of radiation, nor 
shall we relate the long series of investi- 
gations, extending through the nine- 
teenth century, which served to establish 
the agreement of radiant heat and light 
in all their properties, with the resultant 
triumph of the undulatory theory of 
Huyghens, the latter having been revived 
and developed by Young (1801) and 
Fresnel (1819). Bather, it will suffice, 
for our purposes, to point out just what 
significance is to be attached to that 
period of the history of the subject, end- 
ing in the early years of the nineteenth 
century. 

In the first place, we cannot ignore the 
heuristie significance which these in- 
vestigations had for the establishment of 
the First Law of Thermod 3 naamies. For, 
^entirely independent of the question of 
the precke nature of light and heat, the 
facts of their close association, con- 
formity to the same laws, and their eon- 
vertibiiity constituted undeniable evi- 
dence in support of that comprehensive, 
though vague, view that alL of the 
“forces” of nature are “correlated.” 

® Hatton first noted tlie contradiction involved 
in assuming that only the hot body radiates: 
the same body, at the same temperature and in 
exactly the same state, is assumed to radiate, 
or not radiate, depending on whether it is tiie 
hottiKT or the colder of the two bodies. 


The precise manner in which this notion 
of “correlation of forces” contributed to 
the founding of the Energy Principle 
naturally belongs to a history of that 
principle. 

Of more immediate concern is the ef- 
fect of these radiation studies on current 
ideas concerning the nature of heat. We 
have already remarked that, insofar as 
radiant heat, like light, is regarded as a 
motion of something, the study of it 
tended to bolster up the kinetic theory 
of heat. If, nevertheless, the caloric or 
fiuid theory continued to maintain its 
supremacy throughout the eighteenth 
century, this may be attributed, to a 
large extent, to the circumstance that 
Newton’s emission theory, not Huyghens’ 
wave theory, of light (henee of radiant 
heat) prevailed among most of the 
physicists of that period.® For if light 
is to be regarded as a rectilinear motion 
of very fine particles, radiant heat must 
also he so regarded. And, since the radi- 
ating body exhibits no loss in weight, the 
particles must he those of an imponder- 
able fluid, naturally identified as heat 
fluid, or caloric, since the radiating body 
suffered a fall in temperature.^^ 

9 This we may attribute to the failure of 
Huygbens^ theory to account for the nature 
of shadows and for rectilinear propagation, to- 
gether with the fact that Newton’s great author- 
ity opposed it. Young (1800) revived and ex- 
panded the wave theory in England, but his 
work was hardly noticed. It was Fresnel 
(1817), working in France, who finally con- 
vinced scientific authority of the superiority of 
the undulatory theory, hut only after overcom- 
ing vigorous opposition. Thus his most impor- 
tant memoir on the subject, though submitted 
to the French Academy in 1821, was not pub- 
lished untn 1827 (11, ii, p. 115). 

10 A curious dilemma must have presented 
itself to those scientists who opposed, on gen- 
eral principles, the assumption of an imponder- 
able fiuid. For if tbe existence of an impon- 
derable beat fiuid be' denied, that of another, 
namely, Huyghens’ ether, must be admitted to 
account for the propagation of radiation through 
a vacuum. 


{Ta be concluded) 
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THE SPECIFIC EFFECTS OF CERTAIN 
TEMPERATURES ON STORED 
FRUITS, VEGETABLES, AND 
FLOWER BULBS 

For many years it has been the custom 
to hold certain fresh fruits and vegeta- 
bles in cold storage for the purpose of 
preventing spoilage. It is the general 
consensus that the low temperatures in 
the storage rooms serve to arrest or re- 
tard the biological processes that bring 
about senescence and decay, and for the 
most part this belief is correct. How- 
ever, there are certain physiological 
processes that not only are able to con- 
tinue at these low temperatures but even 
appear to be accelerated. Sometimes a 
certain temperature or narrow range of 
temperatures appears very specific in 
producing certain effects on fruits, vege- 
tables, tubers, and bulbs. 

It often happens, for example, that 
when citrus fruits are held at 32"^ F. for 
four to six weeks there develops a physi- 
ological disorder known as ‘%atery 
breakdown.’’ Although it gives the 
fruits the appearance of having been 
frozen, carefully controlled experiments 
have demonstrated that this disorder 
may be produced by low temperatures 
that are still above the freezing point of 
the fruits. Pitting (pox, storage spot) 
is another low-temperature disorder of 
citrus fruits. It is characterized by 
shallow, poeklike depressions in the rind, 
which become discolored in the advanced 
stages. Temperatures most conducive 
to pitting are 32° for lemons, 36° to 40° 
for oranges, and 40° for grapefruit. 

Still other, more or less superficial, 
rind blemishes of citrus fruits are 
‘‘scald” of oranges and grapefruit and 
“peteca” and “red blotch” of lemons. 
“Membranous stain” of lemons, a dark- 
ening of the membranes between the seg- 


ments, has been found much worse at 
36° and 40° F. than at 32°, 50°, and 60°. 

Tropical fruits are still more sensitive 
to low temperatures than are the sub- 
tropical citrus fruits. If papayas are 
held for only 5 days at 45° F. or lower, 
they become chilled, and the treatment 
so upsets their metabolic processes that 
they will not ripen properly when re- 
moved to higher temperatures. Experi- 
ments have shown that certain chemical 
processes that accompany normal ripen- 
ing, such as inversion of sucrose, are ar- 
rested by exposure to low temperatures 
and are not resumed when the fruit is 
brought back to room temperatures. In 
like manner avocados, pineapples, and 
bananas experience a physiological 
breakdown when held too long at low 
temperatures. The result is usually a 
darkening of some of the tissues when 
the fruit is removed to higher tempera- 
tures. It is not necessary to drop very 
low in the temperature scale to produce 
deleterious effects in bananas. Green 
fruits, if held at temperatures below 56° 
for four or five days, will subsequently 
fail to ripen properly in the ripening 
rooms. Bananas that have been chilled 
after ripening will develop a dull-brown 
color when later exposed to higher tem- 
peratures, and are very susceptible to 
handling marks, the slightest bruising 
causing discoloration. Darkened ba- 
nanas sometimes appear on the fruit 
stands after the merchant or the deliv- 
eryman has been caught unawares by 
sudden and unexpected cold weather, 
and the consumer has been known to 
hold bananas in the refrigerator long 
enough to have them darken when 
brought out into the room. 

Tropical vegetables may suffer from 
low-temperature injuries just as much 
as tropical fruits. Tomatoes are not 
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ordinarily thonglit of as tropical because 
tliey are grown so extensively in tem- 
perate latitudes, yet tbeir home is in 
the tropics. When wholesalers have 
attempted to hold too long at near 32® 
the mature green tomatoes, or “green 
wraps/’ as they are commonly called, 
they have experienced rather disastrous 
results. These chilled tomatoes, when 
removed to the ripening rooms, will ripen 
with a duU-yeilow color, or they may 
decay before they ripen. 

The average farm boy knows that the 
first frost is the signal to dig and cure 
sweet potatoes before they are injured 
by cold. Darkening and internal break- 
down of the tissues occur in storage 
rooms also, when the temperature is 
below 40® F. The susceptibility of 
sweet potatoes to low-temperature injury 
is reduced by proper curing. It is in- 
teresting to note that some success in 
prestorage “curing” of grapefruit has 
been reported, the processes for the two 
products being alike in principle, though 
not in details. 

Even flower bulbs are subject to spe- 
cific physiological effects of low tempera- 
tures. Several years ago in experiments 
in the TJ. S. Department of Agriculture, 
King Alfred narcissus bulbs were held 
during three successive storage periods. 
Temperatures during the first and third 
periods were in the range of 60® to 90®, 
but the middle period came within the 
range of cold storage, that is, 32®, 40®, 
and 50®. When these bulbs were held 
at 40® during the middle period of stor- 
age there subsequently developed more 
“blind,” or nonblooming, bulbs than 
when they were held at 32® or 50®. 

Here is an instance of the specific 
effect of one temperature, or perhaps a 
narrow range of temperatures. Another 
example, previously mentioned, was that 
of 36® and 40® in their relation to the 
development of membranous stain in 
lemons. Other effecis of specific tem- 
peratures might be cited. Continuous 


storage at 50® P. produces “pumpkin- 
yellow” grapefruit, a good red color in 
liaden mangoes, and considerably more 
“blood” spots in the so-called blood 
oranges. These effects are not produced 
by temperatures some degrees higher or 
lower, or at least not so rapidly. 

Examples can be cited in which cer- 
tain desired physiological changes have 
been produced in fruits, vegetables, or 
flower bulbs by employing the proper 
temperatures in storage. Barly-season 
Bartlett pears from California arriving 
on the Eastern markets during July and 
August frequently fail to ripen with 
good color, flavor, and texture. Tests 
made by the U. S. Department of Agri- 
culture showed that if these pears were 
ripened at 65® to 70® P. the flavor, color, 
and texture were satisfactory. Those 
ripened at 80-85® P., the temperatures 
prevailing in the stores at the time, were 
of poor quality. Pall and winter varie- 
ties of pears likewise are of best quality 
when ripened at temperatures between 
60® and 70® P. Kieffer pears are usually 
considered to be of very low quality, and 
it is probable that this reputation has 
been based on the fact that they usually 
ripen during exposure to too high tem- 
peratures, at least in the South. Ex- 
periments have shown that when this 
variety of pear is ripened at 55-65° the 
quality is greatly improved, although 
it never becomes the equal of such a 
variety as Bartlett. 

About 1928 or 1929 several restaurant 
. operators and manufacturers of potato 
chips came to the U. S. Department of 
Agriculture with a problem. They 
stated that their French fried potatoes 
and potato chips were too dark for the 
customers and that the dark chips had 
an undesirable flavor. Now a dark color 
in a cooked product may be due to the 
caramelization of sugar, and the Govern- 
ment research men knew that there are 
certain storage temperatures at which 
sugar accumulates in Irish potatoes. 
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Tills had been worked out many years 
ago at the University of Maryland when 
it was reported that Irish potatoes be- 
come sweeter if held in storage at 40° F. 
or lower. A checkup revealed that the 
potatoes used for French “fries’’ and 
chips in this case had been previously 
stored at 32°. Subsequent tests by the 
U. S. Bureau of Plant Industry in co- 
operation wdth the Bureau of Home 
Economies of the U. S. Department of 
Agriculture revealed that if potatoes 
were stored at 50-60° F. for a while 
immediately before use they could be 
made into chips or French “fries” white 
in color and of good quality. 

Examples may also be cited in which 
physiologists have utilized low tempera- 
tures for the purpose of stimulating seed 
production in certain vegetables. For 
instance, the production of flowers by 
sugar beet plants is objectionable when 
these plants are being grown for sugar, 
but when the object is the production of 
seed, the development of flowers is quite 
obviously necessary. The initiation of 
seedstalks and the flowering of biennial 
beets have been shown to be due to the 
cumulative effect of low-temperature ex- 
posure followed or accompanied by the 
effect of long photoperiods (duration of 
daylight). When research workers in 
the U. S. Department of Agriculture 
were breeding sugar beets and growing 
them in that part of the country where 
the length of day was insufficient to in- 
duce flowering, they overcame this by 
the use of cold storage. The tendency 
to “bolt,” or produce seedstalks, was 
greatly stimulated by exposing the beets 
to low temperatures (33-38° F.) before 
planting in the field. The treatment 
could be applied to the “mother” beet 
roots or to the germinating seeds. 

Similar work has been done on onion 
bulbs. Storing them at 53.5° P. for 
four months prior to planting has caused 
the plants to blossom and ripen earlier 
and to yield more seed per acre. 


One more story of the specific effects 
of certain temperatures might be cited. 
Bulbs of the Creole type of Easter lily, 
when planted immediately after midsum- 
mer digging, bloom in the period between 
April 3 and April 12. This lily is in 
great demand at Easter. However, 
Easter is one of the few holidays that 
has no definite calendar date. It may 
come any time from late in March until 
late in April, and the disastrous results 
for the florist of having his lilies bloom 
too early or too late can easily be 
imagined. There is still another reason 
for desiring to change the blooming hab- 
its of the Creole lily. In some sections 
of the country the trade demands lilies 
at Christmas. To meet these varying 
demands for lilies, research workers at- 
tempted to modify the physiological re- 
sponse of lily bulbs by storing them at 
different temperatures following harvest. 
In these experiments the unstored lily 
bulbs bloomed 259 days after planting. 
However, if stored 10 weeks at 36°, 40°, 
45°, 50°, 55°, and 59° P. after the bulbs 
had matured, blooming occurred from 
111 to 135 days after planting. The tem- 
perature treatments that hastened the 
blooming of these bulbs also tended to 
reduce the number of blooms per plant, 
and this effect increased with increase in 
storage temperature. Because of this 
fact, 36° to 45° P. is usually recom- 
mended for storage of Creole lily bulbs 
intended for forcing of bloom. 

The lay reader often objects to the 
manner in which scientific material is 
presented, pointing out that the impar- 
tial viewpoint usually leaves the reader 
with no definite answer to his questions. 
On occasions when this subject has been 
presented to groups or organizations, the 
speaker is invariably questioned as to the 
proper, rather than improper, tempera- 
tures at which various products should 
be stored. This information is available 
in publications of the State and Federal 
agricultural research agencies. For 
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some of the fruits and vegetables men- 
tioned above the TJ. S. Department of 
Agriculture makes the following recom- 
mendations for temperature of storage: 
Bananas, ripening, 62° to 70° F., hold- 
ing ripe fruit, 56° to 60° ; grapefruit, 
32° to 34° if grown in regions where 
decay is a serious factor, or 45° to 55° 
if from other regions; lemons, 55° to 
58°; oranges, 34° to 38°; pineapples, 
mature green, 50° to 60°, ripe, 40° to 
45° ; potatoes, no lower than 40° for 
table or seed stock, unless the seed is to 
be kept longer than 3 to 5 months, in 
which ease 36-38° F. is recommended; 
sweet potatoes, 55° to 60° ; tomatoes, ripe, 
40° to 50°, mature green, 55° to 70°. 

Ebston V. Mtller 

Division of Fruit and Vegetable 
Crops and Diseases 

Bureau of Plant Industry, 

Soils, and Agricultural 
Engineering, AEA, USD A 

FACTORS CONTROLLING THE CON- 
. CENTRATION OF ERYTHROCYTES 
IN THE BLOOD* 

The existence of a sex difference in 
the erythrocyte (red cell) concentration 
of the blood has been observed in nn- 
merons animals, among which are the 
domestic fowl, pigeon, ring dove, mouse, 
rat, rabbit, eat, dog, sheep, horse, and 
man. In each of these species the eryth- 
rocyte count of the male is consistently 
higher than that of the female. For ex- 
ample, in the domestic fowl the average 
count for males is 3,260,000 red blood 
edls per cubic millimeter of blood, while 
that of females is 2,660,000. Similarly, 
in humans the average red cell count for 
a man is approximately 5,000,000 as 
compared with 4,500,000 for a woman. 

It has been shown by observations on 
many castrated animals that this differ- 
ence between the sexes is due, at least in 
part, to the reproductive glands : ovaries 

* TMa investigation was aided by a grant 
fmm tbe Dr. Wallace C. and Clara A, Abbott 
Memorial Fnnd of The University of Chicago. 


or testes- In a male such an operation 
is followed by a fall in the erythrocyte 
count, while in a completely ovariecto- 
mized female there is either no signifi- 
cant change or there is a slight rise in 
the number of red blood cells. There- 
fore, the castrated male and the ovariec- 
tomized female have approximately the 
same red cell concentration. Further- 
more, if a testis is successfully grafted 
into such a castrated rooster, the red cell 
count will rise again to the normal male 
level. 

In the domestic fowl, as well as in 
most other birds, there is only one func- 
tional ovary — the left one, for the right 
gonad remains undeveloped and persists 
throughout life as a nonfunctional rudi- 
ment. If the functional left ovary is 
removed from a yonng chick, the right 
rudimentary gonad will develop into a 
testis-like organ which has the endo- 
crine characteristics of both an ovary 
and a testis. A bird possessing snch a 
gonad frequently shows both male and 
female characters, such as the large comb 
of the male and the benny plumage of 
the female. It is also interesting to note 
that the erythrocyte counts of such in- 
dividuals lie somewhere between the 
normal male and female levels but are 
usually closer to that of the male. 

When male sex hormones (androgens) 
are injected or administered by means of 
pellets implanted beneath the skin, the 
number of red cells will increase in the 
castrated male or female bird, rat, dog, 
monkey, or human, while treatment with 
female sex hormones (estrogens) will in- 
duce anemia, or a decrease in the num- 
ber of red corpuscles. By means of 
such androgen pellets the red cell con- 
centration has been maintained at the 
male level in groups of castrated roost- 
ers, or capons, for periods of over two 
years. When pellets are almost or com- 
pletely absorbed, the erythrocyte count 
drops, but after each subsequent implan- 
tation it will rise again to the male level. 
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Since sinistraliy ovariectomized pou- 
lards (liens from wliieh only the left 
ovary has been removed) develop right 
testis-like gonads secreting both andro- 
gens and estrogens and usually show a 
red cell count intermediate between the 
male and female, it became of interest to 
see if such a condition could be produced 
experimentally in normal or castrated 
animals by simultaneous androgen and 
estrogen treatment. This problem has 
been approached in two ways : 

(1) On the fourth day of incubation 
(the normal incubation time for the do- 
mestic fowl is twenty-one days) before 
the reproductive glands have developed 
in the embryo, a small amount of es- 
trogen was injected into the egg, which 
was then allowed to continue incubation 
and to hatch. Genetically, male chicks 
hatched from such treated eggs are of an 
intersexual type when mature, possessing 
gonads which secrete both androgens and 
estrogens, as do those of sinistraliy ovari- 
ectomized poulards. Such individuals 
also have erythrocyte counts intermedi- 
ate between those of normal males and 
females. 

(2) Capons were injected with, or re- 
ceived pellets of, both male and female 
sex hormones simultaneously. If the 
proportion of estrogen administered is 
low as compared with the androgen, the 
red cell counts rise to the male level. If, 
on the other hand, the estrogen dosage 
is relatively high, the counts remain un- 
changed or fall. Thus far a duplication 
of the situation found in sinistraliy 
ovariectomized poulards and in inter- 
sexual males which received estrogen 
treatment during incubation — ^where the 
red blood cell count was intermediate 
between those of the male and female — 
has not been observed. This may be due 
to an improper balance between the con- 
centrations of the tyro sex hormones ad- 
ministered, or it may be that the methods 
employed in administering the hormones 
do not duplicate, in fully grown birds, 


the condition prevailing in poulards and 
intersexual males, where the influence of 
mixed male and female hormones is not 
only exerted relatively early in develop- 
bent but is also regulated by the bird's 
own endocrine system. 

Also of interest in connection with the 
problems arising from simultaneous an- 
drogen and estrogen administration are 
observations which have been made on 
laying hens. Although the domestic 
fowl is not a seasonal breeder, as are 
most wild birds, there is, nevertheless, in 
the average flock, an increase in egg pro- 
duction in the late spring and early sum- 
mer. During the laying period there is 
evidence of an increase in both estrogen 
and androgen production by the hen's 
own ovary. In spite of the increased 
amount of androgen, the er 3 rthrocyte 
counts made during the spring laying 
periods are lower than at any other sea- 
son of the year. This would seem to 
indicate one of three possible interpreta- 
tions : (1) the increase in androgen is not 
of sufficient magnitude to raise the eryth- 
roe 3 d:e level; (2) the increase in estro- 
gen is sufficient to lower the red cell 
count regardless of the simultaneously 
increased androgen; (3) the seasonal 
cycle in females is caused by factors 
other than male and female sex hormones. 

Of particular interest at the present 
time are certain observations made on 
male and female human blood donors. 
There have been several recent reports 
indicating that red cell regeneration 
after blood donation is slower in women 
than in men. Similar observations have 
also been made on rats in which severe 
hemorrhages were induced. It was 
found that androgen injections stimu- 
lated, while estrogen treatment actually 
inhibited, the regeneration of er 3 d:hro- 
ejrtes. This would seem to indicate that 
in females regeneration of red cells is 
normally inhibited by the animal's own 
sex hormones, whereas in males regen- 
eration is accelerated. 
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Tlie red blood cells are produced in 
the marrow cavities of the long bones 
and are destroyed and removed from 
circulation largely by the liver. The in- 
crease in the number of red cells in an- 
drogen-treated animals, therefore, could 
be due either to a stimulation of their 
production or to a decrease in the rate 
of their destruction. Conversely, the 
lower count in animals treated with es- 
trogens might be due to an inhibition of 
erythrocyte production or to an increase 
in their rate of destruction. 

Studies on the bone marrow of pigeons, 
mice, and rats, made chiefly by Gordon 
and his co-workers at New York Univer- 
sity, have produced evidence that the 
first suggestion may he correct. These 
observations have shown that estrogens 
cause the formation of bone within the 
marrow cavities, thereby interfering with 
the production of red blood cells, while 
androgens appear to stimulate the eryth- 
rocyte-producing (erythropoietic) tissue 
within the marrow to greater activity. 

It must not be concluded that the male 
and female sex hormones are the only 
agents which affect the concentration of 
the circulating erythrocytes. For many 
years it has been known that oxygen de- 
ficiency stimulates the hone marrow to 
produce more red cells, resulting in 
higher counts in individuals living at 
high altitudes. Also, it has been known 
that in fevers, as well as after severe 
muscular exercise, there may be a marked 
increase in the number of red cells (poly- 
cythemia). Likewise, the administra- 
tion of cobaltous salts in some animals 
causes a marked polycythemia, which, in 
extreme cases, is fatal. On the other 
hand, various poisons, such as lead, may 
injure or destroy the erythrocyte-form- 
ing tissues, and the lack of certain sub- 
stances in the diet, sneh as an adequate 
amount of iron, will cause an anemia. 
Likewise, other endocrine glands, notably 
the thyroids, adrenals, and pituitary, 


have been found to play a part in the 
regulation of the red-cell concentration. 

Thyroid insufficiency will bring about 
a drastic reduction in the number of red 
blood cells. This has been interpreted 
as due, not to the direct effect of inade- 
quate thyroid hormone upon the bone 
marrow, but rather to a more general 
metabolic effect, causing a slowing down 
of most of the physiological activities of 
the body. An overabundance of thyroid 
hormone produces a high erythrocyte 
count by stimulating metabolic activity, 
thereby creating an oxygen deficiency 
which causes an increase in the produc- 
tion of red blood cells. 

Adrenal insufficiency results in a spec- 
tacular rise in the number of red ceils, 
while treatment with extracts from the 
adrenal cortex reduces the number within 
a few hours. This is not believed to be 
due to any actual increase or decrease in 
the number of erythrocytes in circulation, 
but rather to an increase or decrease in 
the fluid constituent of the blood, which 
in turn would affect the apparent num- 
ber of red cells. 

The pituitary gland itself operates in- 
directly as a regulating mechanism since 
it produces, hormones which control the 
activity of the reproductive glands, thy- 
roids, and adrenals. Some investigators 
have postulated a specific pituitary hor- 
mone which has a more direct control 
over the concentration of red cells, hnt 
this hypothesis has few adherents. 

Since all of these regulating factors, 
with the exception of the ovarian and 
testicular hormones, are presumably op- 
erating similarly in both males and fe- 
males, it would seem plausible to con- 
clude that the sex hormones play the 
major role in bringing about the differ- 
ences observed in the erythrocyte counts 
of males and females. 

Elsie Taber and L. V. Domm 

Whitman Laboratory of Experi- 
mental Zoology 
The University of Chicago 
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THEORETICAL ASPECTS OF 
HISTORY 

The Philosophy of American Sistory. Morris 
Zucker. 2 vols. VoL I. The Eistorical Field 
Theory y 694 pp. Vol. II, Periods in American 
History, 1070 pp. 1945. Arnold-Howard 
Publishing Company, Inc., ISTew York. 

The first volume of this work claims to 
lay the theoretical foundations for a sci- 
ence of history. The second volume pur- 
ports to apply the ^ 'historical principles’’ 
developed in the first volume. The pres- 
ent review will concern itself mainly with 
the first volume, as the second is devoted 
entirely to the familiar events of Ameri- 
can history. As history, Volume II 
should be left to historians to evaluate. 
Both volumes abound in diatribes against 
the injustices and the imbecilities of our 
times. 

There is no question about these mal- 
adjustments or the vigor with which the 
author expounds them. Indeed, his 
criticism and ridicule of most of the 
historians and the "statesmen” of the 
day are by far the most effective and 
valid part of his work. I share most of 
the author’s prejudices on these matters 
and consequently had an inordinately 
good time reading these volumes. As an 
argument for the application of science 
to social affairs and an expose of the 
disasters resulting from not doing so, the 
two volumes are sound, witty, and highly 
readable. As a treatise of scientific 
method or an example of its application, 
the work unfortunately leaves much- — 
nearly everything — ^to be desired. 

In spite of all his lip service to science 
in general and to field theory in particu- 
lar, the author finds it necessary to re- 
pudiate the post-Einsteinian develop- 
ments of that theory, which he finds 
inapplicable to social science. Instead 
he finds it necessary to adopt a view of 
causality (p. 585 ), which has been pretty 
well abandoned in modem philosophy as 
well as in science. The section dealing 


with these matters is thoroughly out-of- 
date. A few examples must suffice. 

In insisting that the social sciences 
must rely on a type of causality aban- 
doned in the other sciences, the author 
betrays a basic misunderstanding regard- 
ing the nature of all scientific generali- 
zations whatsoever. The "inherent 
fallacy of the statistical method of 
analyzing vital phenomena” is illus- 
trated, he thinks, by the following 
example : 

It can be shown that the average life ex- 
pectancy is today much greater than it was 
twenty, fifty and a hundred years ago in every 
age class. The reasons for this cannot be dis- 
cerned by the minutest scrutiny of the actuarial 
tables. They wiU not show the causes, but 
merely record the results of a long process of 
development within society which manifested 
itself in the standards of living, general sani- 
tation, purer food, the growth of public medi- 
cine and a myriad of other factors which no 
statistical table will disclose. These can be 
established only by the patient labor of the 
classical scientific method (p. 584). 

One wonders, in the first place, how, 
except through statistical methods, the 
manifestations of improved standards of 
living, general sanitation, etc., is re- 
vealed at all. Whatever scientific knowl- 
edge we have of these phenomena, as well 
as of the processes hy which they have 
transpired, has been achieved through 
the correlation of these data and "myri- 
ads of other factors” in the testing of 
hypotheses according to rules recognized 
in all science. Correlation of masses of 
data can be reliably carried out only 
through statistical methods. It is pre- 
cisely here that scientific methods differ 
from those of Mr. Zucker and other his- 
torians. Historians also engage in corre- 
lation — ^informally, usually of cases se- 
lected to fit the theory with which they 
start, with no inconvenient questions of 
sampling or probability to mar the au- 
thor’s literary style. As such, their work 
provides valuable hypotheses for science. 
To regard these conclusions as more Hian 
179 
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hypotheses is to confuse hypotheses and 
laws. 

I invite any scientist to scrutinize the 
1700 pages of this work to see if he can 
find a single proposition that he recog- 
nizes as a scientific law of the kind he 
credits in the other sciences. The reader 
may also meditate on Mr. Zucker’s 
understanding of the nature and require- 
ments of scientific generalizations as re- 
vealed in the following statement : 

There has never yet been a graph scientifically 
constructed which forecast exactly [sic] the 
number of deaths for a certain year. If guesses 
have been correct, they have been nothing more 
than lucky guesses (p. 585). 

In short, we have in these volumes an- 
other attempted short cut to social sci- 
ence. The model and the method are 
those of Mars. Admirable as these may 
be in their own way they differ sharply 
from those of science. The author has 
himself inadvertently suggested one of 
the main differences in the following 
passage : 

In any event, a great deal depends upon whether 
we approach its [history ^s] investigation from 
the standpoint of causal or statistical law. If 
looked at from the statistical point of view, it 
is all a matter of chance, accident, probability, 
despite ah we can do. If considered from the 
causal standpoint, then no doom is inevitable 
so long as man exercises some rational power 
over the unfoldment of the historical processes 
(pp. 586-587). 

In science, and especially in field the- 
ory, the ‘^rational power” of man is it- 
self part of the field and is as subject to 
the laws governing the field as any other, 
element. It is precisely this fact that 
many historians and some who pass for 
social scientists are not yet prepared to 
face. Until they are prepared to do so, 
they had better be modest about their 
scientific pretensions, especially so far 
as drawing on the theories of modern 
physics are coneemed, 

I am in profound agreement with the 
author ^s enthusiasm for the application 
of science to human affairs and in the 
applicability of field theory to social 
phmomena. Unfortunately,^ both' can be- 


come realities only through some of the 
methods he discards. Philosophers of 
history, including Mr. Zueker, in their 
scientific aspirations are still in the Nat- 
ural-History stage of scientific develop- 
ment. In the end they will find that 
history, as such, will play about the same 
role in social as it plays in physical sci- 
ence. As in the other sciences, authentic 
history will itself be inferred from the 
laws of social behavior established by 
the accredited methods of science from 
contemporaneous data, subject to obser- 
vation and generalization by these meth- 
ods. It should be said to the author’s 
credit that in some places (e.g., Vol. I, 
p. 33), at least, he seems to recognize this 
eventuality. Incidentally, the author 
devotes considerable space to an attempt 
to refute John Dewey’s argument against 
the possibility of history as a science 
and, in my opinion, fails in his refuta- 
tion. 

The work closes on a Marxian note, al- 
though here as elsewhere the author 
shows considerable independence as, for 
example, in deploring the Eussian politi- 
cal system while approving of its eco- 
nomic order. Also, he ventures to differ 
with official Soviet interpreters of Marx 
(Yol. I, p. 617). There is in fact much 
admirable objective analysis in these 
books, especially of recent and current 
history. Except for the scientific pre- 
tensions of the work, a more favorable 
review would he justified. 

George A. Lundberg 
Beitiungton College 

DEVELOPMENT OF MEDICAL 
SCHOOLS 

Medical Education in iJie United States before 
the Civil War. William Frederick Norwood. 
478 pp. 1944. $6.00. University of Penn- 
sylvania Press. 

“Medical education in the United 
States, with all its ramification, in the 
century before the Civil War, constitutes 
a significant and unique chapter in the 
social history of the country.” This 
statement, with which this book closes, 
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expresses a conclusion that is thoroughly 
sound. The careful and laborious study 
that has gone into the making of this 
book throws much light on the develop- 
ment of an important factor in the cul- 
tural and social structure of this country. 
It presents many and, at times, tedious 
details of the struggles, often tempestu- 
ous, through which medical education 
fought its way. Rivalry, individualism, 
personal liberty, free enterprise without 
restraint, and struggles for existence, 
created many a battle between profes- 
sors, between faculties and trustees, be- 
tween rival medical schools and, at times, 
between the medical profession and the 
public, when protests against human dis- 
section took the form of riots. 

Organized medical education in this 
country had a dignified and promising 
beginning in Philadelphia in 1765, and 
progressed until the end of the 18th cen- 
tury under the leadership of brilliant 
young men who had studied medicine in 
Paris, in London, and especially in 
Edinburgh. By the end of the century 
four medical schools had been founded 
in connection with established colleges. 
These schools have all survived to this 
day as the medical schools of the Uni- 
versity of Pennsylvania (1765), of Co- 
lumbia University (1768), of Harvard 
University (1783), and of Dartmouth 
College (1798). Anatomical teaching, 
lecture courses, and teaching hospitals 
were planned and developed. 

Soon after the turn of the 19th century 
an American system of medical education 
began to develop and to spread widely as 
social and political order of a sort ex- 
tended throughout the broad reaches of 
our land. The general pattern of three 
years of apprenticeship with a practi- 
tioner of medicine, and the attendance 
on two short annual sessions in a medi- 
cal school, to attend the same lectures 
each year, became the accepted require- 
ments for the degree of doctor of 
medicine. Medical schools sprang up 


not only in the larger cities, but even in 
country towns, wherever five or six 
doctors who had a desire to teach could 
hold themselves together to form a fac- 
ulty. These schools usually formed some 
loose attachment with an established col- 
lege, often at a distance, and, in one 
notable example, in another state. 

A number of influential teachers were 
itinerants and traveled about to form 
new schools or to join faculties that in- 
vited them from a distance. Some of 
them had a strong and lasting influence 
on American medicine. However, as 
standards of graduation were generally 
ill-defined, as the support of the schools, 
and indeed of the professors, depended 
upon the number of students that could 
be attracted, and as no licensing exami- 
nations were in force, American medicine 
was largely dependent on the natural 
ability, sincerity, honesty, and energy of 
those who practiced it. Fortunately 
these traits were by no means uncommon, 
though many practitioners without these 
qualities were turned loose on the public. 
American medical education during the 
19th century up to the Civil War, as 
described in much detail in this book, 
does not present a phase of our history in 
which we can take much pride. 

To the student of medical history, it is 
of interest to see fundamental improve- 
ments being made in scattered places, 
especially in the West and South. A 
notable innovation occurred in 1850 when 
the newly organized University of Michi- 
gan put its medical professors on a 
salary basis, similar to that of other 
University professors, and relieved them 
of their dependence on student fees. In 
1857 the New Orleans School of Medi- 
cine introduced a system of individual 
clinical instruction of its students and 
gave them the opportunity to study the 
patient at firsthand. In 1859 Dr. N. S. 
Davis, who had taken the leading part in 
forming the American Medical Associ- 
ation about ten years previously, or- 
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ganized a two-year graded curriculum 
iu the Medical Department of Lind Um- 
Yersity, Chicago. Thus, two distinct 
years of training were begun, instead oi 
haTuig students repeat the same course 
in two successive years. 

The outstanding characteristic of this 
hook is the thorough and complete his- 
torical study which lies behind it, making 
it a source of information on the de- 
velopment of medical education in the 
United States. Although much of the 
hook is taken up with details of defunct 
medical schools that are not likely to in- 
terest the general reader, or even those 
especially concerned with American his- 
tory, it is a useful reference book with 
much permanent value. 

G. Canbt Eobinson, M.D. 
American Bed Gross 
Washington, B. 0. 

APOSTLE OF THE WILD 

Son of the Wilderness: The Life of John Muir. 
Linnie Marsh WoMe. 364 pp. lUus. 1945. 
$3.50. Alfred A. Knopf, New York. 

There is no more beloved name in the 
n-n-nals of the American conservation 
movement than John Muir. He was the 
evangelist of that movement, a crusader 
against man’s wanton destruction of 

natural resources and beauty. He was a 

great naturalist, a pioneer geologist, a 
botanist, a lover of mountains and trees, 
more at home among the haunts of the 
water ouzel and wild sheep or in^some 
alpine glacier meadow than in the “false 
society of men.” Tet he lived among 
men too, raised a family, made many un- 
dying friendships, and left the world a 
better place. But for no one did he ever 
compromise his principles or fail to fight 
relentlessly for what he knew was right. 
He was, as his friend Bailey Millard said, 
as “wild as a Modoc and as unafraid as a 

grizzly.” _ _ 

AH these characterizations, and dozens 
more that might be listed, make the story 
of John Muir’s life anything but duU. 
TTis story has been told before — ^mueh of 


it in his own writings, which have become 
classic {The Story of My Boyhood and 
Youth, Travels in Alaska, My First 
Summer in the Sierra, etc.). The two- 
volume “definitive” biography, The Life 
and Letters of John Muir, by William 
Frederic Bad6, appeared in 1923-24. 

But it is good to have Mrs. Wolfe tell it 
afresh. This author’s interest in Muir, 
fortunately, is not a fly-by-night affair. 

She has been a student of Muir for many 
years, and in 1937 she edited a delightful 
book eaUed John of the Mountains, made 
up of some of Muir’s until then unpub- 
lished journals. Furthermore, she has 
had access to much new material, chiefly 
notes and letters and other_ Muiriana 
turned over to her by the Muir family.^ 
John Muir was a many-sided indi- 
vidual ; he lived a fuU and strenuous life. 
Some phases of his career would them- 
selves fill large books. Mrs. Wolfe has 
done a good job of condensation of ma- 
terial and has produced an unusually 
well-rounded picture, emphasizing those 
things that show John Muir the man 
and setting straight a few matters that 
she believes have been misrepresented. 
Here is her thumbnail sketch of Muir: 

“Far from being an effeminate plaster 
saint, all sweetness and light, p some of 
his admirers have conceived him, he was 
in truth red-blooded and intensely 
masculine ; a mystic, yet a realist with his 
feet on the ground; a lover of solitude, 
yet gregarious and often a prey to bitter 
loneliness; frugal in supplying his own 
needs, but lavishly generous to others; a 
man of puckish humor and of stern, dour 
moods. Infinitely gentle and under- 
standing in his friendships, and towards 
the young, the old, and all defenseless 
creatures, he was blazingly intolerant of 
bigotry and every form of social callous- 
ness. Although mellowed in maturity 
and more humorous in his judgments, he 
was still a fighter, an archenemy of all 
encroachments in the name of ^progress 
upon human or animal rights. 
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In many ways the book is an expansion 
of this paragraph, and John Muir 
emerges as a great man. No one, it 
seems to me, could read it without gain- 
ing the highest regard for his genius, a 
new appreciation for what he did to save 
Yosemite, Kings Canyon, and other 
wilderness areas of America for the 
people, and a deep and lasting admira- 
tion for him. To me, some of the most 
appealing episodes of his story are those 
pertaining to his friendships — ^his meet- 
ings with Ealph Waldo Emerson and 
John Burroughs, kindred but contrast- 
ing spirits; his camping out with The- 
odore Roosevelt; his relations with Ed- 
ward Henry Harriman ; his love for the 
wonderful dog Stickeen ; and many 
others. 

The vitalizing thing about John Muir 
was his boundless and (to his friends) 
sometimes embarrassing enthusiasm. 
This was so ingrained in his nature as to 
be entirely unseifconscious. It was the 
urge that drove him time and again back 
to the mountains, that sent him traveling 
to the far corners of the earth, that kept 
him fighting and writing to the end of his 
life. He was a man who could be peren- 
nially renewed in spirit by communion 
with the living wilderness, who found 
fresh springs of loveliness and wonder 
with every recontact with nature. To 
read the life of such a man — so out of 
this world and yet so dependent on it — 
is a memorable experience and one that 
few biographies render. The book should 
appeal to many classes of readers — sci- 
entists, naturalists, conservationists, na- 
ture writers and poets, and especially to 
a newer generation of citizens, who may 
remember John Muir only by name but 
who are now enjoying more than they 
know the fruits of his persistent strug- 
gle to save vast areas of incomparable 
American landscape from devastation. 

Paul H. Oehser 

SMiTHSoisriAiT Institution 
Washington, B. 0. 


GROWTH FACTORS 

Bioenergetics and Growth. Samuel Brody. 1023 

pp. Illus. 1945. $8.50. Eeinliold Pu'blisli- 

ing Corporation, Kew York. 

This book presents in detail the results 
of the researches sponsored by the Her- 
man Fraseh Foundation for Research in 
Agricultural Chemistry at the Missouri 
Agricultural Experiment Station. 

Very few technical books contain suffi- 
cient experimental data and scientific 
developments to warrant a useful life of 
more than a decade. In this respect Dr. 
Brody’s book is an exception to the gen- 
eral run of books. It is seldom that a 
book is published that will appeal to as 
many different fields as this one will. I 
bought the book for the chapters on 
aging, but found the book so well- written 
and so full of biochemical data that I 
read the entire book. The first part of the 
book (17 chapters) consists of a detailed, 
accurate, and careful treatment of ex- 
perimental biochemistry, nutrition, and 
the biod^mamies of life processes related 
primarily to farm animals but also con- 
taining a large amount of data on human 
problems. The chapters on hormones, 
vitamins, and enzymes are very complete. 
Throughout the book the kinetic ap- 
proach and utilization of data are 
stressed. Dr. Brody has emphasized the 
economics of his work and the relation to 
agriculture in all of the material covered. 
The application of thermodynamics, as 
well as kinetics, to the interpretation of 
biological systems is to be advocated. 
The careful analyses of energy relation- 
ships will be of interest to the layman as 
well as the scientist. 

The two chapters on aging are of 
especial interest to the workers in that 
field because they illustrate very well the 
fact that aging is the end product of two 
competing chemical rate processes in the 
body. The wealth of data on aging rates 
and the variation of physiological func- 
tions with aging are worth the price of 
the book. 



184 


THE SCIENTIFIC MONTHLY 


Tte last part of the book (6 chapters) 
coTers fundamental economic aspects of 
animal husbandry. Throughout the book 

the efficiency of various processes is em- 
phasized and analyzed from the stand- 
point of maximum production, long-term 
production, and cost relationships. ^ I 
have never examined a book of this size 
before that contained a greater wealth 
of experimental data in the form of 
graphs and tables. Some of the statisti- 
cal methods used are given in detail and 
the mathematical results are developed 
from an experimental basis in many 
cases. The impression is given that the 
reader is foUowing the problems dis- 
cussed along with Dr. Brody and his as- 
sociates during the years of work. The 
book is well iUustrated with pictures. 
The make-up of the book is good and it is 
weU bound. 

Only a few typographical errors were 
noticed. The ones found were; p. 113, 
chlorophyll diSers from hemoglobin in 
having different groups on the pyrrole 
rings as well as in the central metallic 
atom ; p. 127, the formula for choline is 
in the wrong order ; p. 137, oxidation and 
reduction may be defined as the loss and 
gain of electrons, but as a chemist, I 
cannot agree to the statement “. . • or 
loss and gain of protons;” p. 138, 924, 
the statement that fat is converted to 
carbohydrate in the body is disputed 
(The reference is old (1920) and has not 


been verified;) p. 144, the formula for 
2-thiouraeil is not quite correct ; p. 150, 
parallel is misspelled ; p. 158, typo- 
graphical error, only In; p. 283, the first 
graph should be labeled 11.11 instead of 
11.11a ; p. 926, in note 69, amphetamine 
is misspelled. Other minor errors will 
probably be found in time. 

In the summarizing chapter available 
sources of energy are discussed from the 
standpoint of fuels. Atomic energy is 
practically discounted. Although war- 
time secrecy was in force when the book 
was finished (Nov. 1944), sufficient in- 
formation had been published by 1940 to 
indicate the early development of atomic 
energy. Instead of having enough U235 
for bombs in 1945, we would probably 
have had only enough to ran an experi- 
mental power plant, but its early utili- 
zation was expected by many scientists. 
The omission of this point by Dr. Brody 
is a matter of opinion and should not be 
considered as a serious criticism. 

This book is recommended to graduate 
students, investigators, and field workers 
in the fields of animal husbandry, bio- 
chemistry, nutrition, and aging. It will 
be considered a standard reference book 
for many years to come. Dr. Brody and 
the Herman Frasch Foundation are to be 
highly commended upon an excellent job 
accomplished. 

Thomas S. Gaeuner 

JOHXSOX City, Tenx. 
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MORE ON ETHICOGENESIS 

SCIENTIFIC ETHICS up with others, as in the ease of chemistry 

I make no apology for attempting a fur- and physics. We may expect more and more 
ther contribution on this subject. The atomic of this with an increasing tendency towards 
bomb underlines the significance of the dis- the building up of one integrated science, 
cussion which has recently taken place in the It is this movement towards integration 
pages of The Scientific Monthly. Science which leads the scientist into the field of 
has given to the world an instrument of philosophy. What is to come of it? Will 
stupendous power. Thereby comes a ehai- the new science supersede the old philosophy, 
lenge. Will science provide us with the or will it fall short of philosophy in respect 
means to control that instrument in the of aim or method? 

interest of humanity or is it to become a Let us consider method first. Essentially 
Frankenstein monster to encompass the de- there is only one method to develop under- 
struction of its creators? Are scientists eon- standing. It consists in gaming data and 
cerned with ethical questions, or is this the seeing its interrelationships. We are con- 
preserve of the philosophers? Whatever the tinuaUy getting data through our senses but 
answer, scientists are also human beings and sensations mean nothing until they are inter- 
as such have a vital interest in the ethical preted. When Kohler’s ape broke a branch 
question whether it is to be solved by scien- from a tree to use as a stick to draw bananas 
tific or philosophic method. into his cage, it was the result not merely of 

Right at the outset of our discussion I his seeing the tree or the branch but seeing 
think we should try to break down the ex- the relation of the piece of branch to the no- 
clusiveness of science and philosophy. Dr. stick-to-drag-in-banana situation. Now the 
Leake contrasts the descriptive thinking of charge against the philosophers is surely that 
science with the normative approach of phi- they have gone on weaving a web of these re- 
losophy with its “pure reason.” Dr. Ro- lationships until they have achieved a com- 
manell pertinently explains that this applies prehensive theory which solves their philo- 
to aim rather than method, but I think there sophical problems but has not kept in touch 
is more to it than this. Probably most peo- with objective data en route. Scientists, on 
pie would agree that philosophy has tended the other hand, while making a great show of 
unduly to armchair thinking inadequately meticulous attention to objective details have 
checked at the descriptive level while science failed to notice that they have also made 
has ignored the very existence of certain some sweeping assumptions as the basis of 
fundamental problems. The basic distinction, their interpretation. 

however, is wideness of aim. We have had The upshot of all this would seem to be 
sciences in the plural but there can be only that the time has come for scientists and phi- 
one philosophy. True there may be rival losophers to develop a greater degree of co- 
claimants for the honor but that is a different operation, 

matter. The various sciences may be equally Secondly, we have to consider aim, Ro- 
acceptable and mutually compatible. For the manell opposes the existential of science to 
most part, however, it has been impossible to the normative of ethics and finds that phi- 
judge this compatibility owing to the exclu- losophy is aiming at “wisdom” whereas sci- 
sive nature of the fields. But of late years ence aims at “knowledge.” Presumably no 
there has been a tendency for some of the matter how wide may become tbe field of 
sciences to overflow their boundaries and link scientific knowledge it fads to equate itself to 
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tile “wisdom^^ at wiiieli pMosophy aims. 
TMs latter is concerned not with what is but 
with what ought to he. 

Here seems to be the real crux of the 
problem. Here is the ground for asserting 
an essential difEerence between science and 
philosophy. Here we become faced again 
with the problem of what does constitute a 
basis for the laws of ethics. 

This distinction as between the existential 
and the normative would seem to imply that 
ethical data is in some way less real than 
that of science. It does not really exist. It 
is Just a sort of plan of what might and 
should exist. It is concerned with laws which 
derive their validity from something we know 
not what, whereas the laws of science are such 
in their own right! 

It seems to me that the behavior of man 
through the centuries reveals a deep-seated 
resentment against this. He has strived in 
various ways to Justify the fundamental 
claims of moral law. All this may be ex- 
plicable in terms of psychoanalysis, or maybe 
psychoanalysis itself uses assumptions which 
equally need explaining. Any psychology 
must have some theory of motivation. With 
regard to human conduct we can Justifiably 
ask ^%hyf'^ in a sense unknown to the sci- 
entist as such. You may ask the scientist 
why it is raining hut his answer is almost 
certain to be in terms of ‘Tiow.” He vsdlL 
trace for you a set of relationships in time 
and space, but when mother asks Tommy 
why he stole the Jam, she is not satisfied with 
an explanation of this kind. Ultimately the 
answer to ^%hyf” must be in subjective 
terms. A man doesn^t really make love be- 
cause it is conducive to the welfare of the 
species; he does it for the unique satisfaction 
which it gives him. He does it because the 
activity has value for him and value is some- 
thing experienced only subjectively. 

I would surest that all our human be- 
havior, or at least what we regard as the 
^Tdgher^ forms of behavior, are determined 
by a set of values of this kind. These values, 
I would hold, are Just as real and funda- 
mental as the qualities wMdi we assign to 


matter. After all, matter is Just the com- 
mon-sense interpretation of our experience. 
Our evidence for value is of the same nature 
as our evidence for electricity, and perhaps 
even more direct. 

If we can accept value in this sense, we 
shall not be called on to explain ethics as 
based upon some attenuated theory of rea- 
soning. No one can be motivated by pure 
logic; it must always strike home to some 
value complex if it is to influence behavior. 
We all feel the truth of that in some way 
but difficulties arise because we think of 
human desires as essentially selfish and often 
at variance with what we regard as good and 
right. We are thus led to look for an ethical 
standard which transcends human desires. 
The biologist naturally tends to think of this 
higher standard in terms of racial welfare, 
evolutionary progress, increasing survival 
value. He fails to notice that, if matter is 
subject to evolution, value may be subject to 
the same process. More especially he fails to 
notice that this concept of value, far from 
emphasizing the selfishness of human beings, 
provides the bridge by which individual ac- 
tion may lead to group welfare. The be- 
havior which value motivates is not neces- 
sarily that which will further individual wel- 
fare. It may dictate the sacrifice of the indi- 
vidual for the benefit of others. 

Scientists such as Leake make the funda- 
mental mistake of thinking that individual 
welfare is all-important to the individual in 
its own right. Not mere living is the impor- 
tant thing but the experiencing of values, and 
we might have the paradoxical state of aflairs 
where dying provides the greater experience 
of value. But notice that individuals so con- 
stituted would hardly live long enough to re- 
produce their kind. Evolving values must be, 
on the whole, conducive to the survival of the 
individual and the race so that values do sub- 
serve racial continuance, and thus Leakers 
criterion seems to be Justified. We have Just 
introduced a further term. But have wef 
Might it not be more logical to assert that 
we continue life in order to experience value 
than to say that we experience value in order 
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to continue life^ For we cannot legitimately 
talk in terms of purpose and desirability 
until value exists, and the fact that value 
promotes the continuance of life cannot be 
.used to prove that life itself is of greater 
value than the value which informs it. 

All this may seem at first rather confusing 
and, apart from the paradox, might be ex^ 
pressed more clearly, but once the nature of 
value is understood all the rest follows. 

Finally let us examine in more detail the 
problem of the individual acting in the in- 
terests of the group at the cost of his own 
welfare. This is the rock on which so many 
ethical systems have foundered. Some sys- 
tems have established a satisfactory goal in 
terms of group welfare but have been quite 
unable to provide any adequate motive for its 
pursuit; others have found adequate motiva- 
tion but have been unable to direct it beyond 
enlightened selfishness. Morality is surely 
something more than the latter. The concept 
of value as I have propounded it here afiows 
us to exalt ethical principles to a place of 
honor without any need for mystical deriva- 
tion of the authority for moral law. Moral 
law, like physical law, is implicit in the evolv- 
ing universe and needs to be derived neither 
from the personal commands of a deity nor 
the logic of the scientists and philosophers. 
Logie may indeed be used in its discovery, 
but this is rather different from invention, 
which is more nearly the role that many sci- 
entists would seem to think necessary. 

All life processes are necessarily associated 
with value. That which conduces to the sur- 
vival of the individual, by a process of evolu- 
tion rather than of logic, be it noted, tends 
to be linked with value, so that what indi- 
viduals wish to do is usually in their own 
interests. But that which tends to race sur- 
vival is necessarily even more certainly linked 
with value, so that in case of value conflict, 
which is very frequent in some form, the 
racial values will tend to predominate over 
the individual values. So individuals are 
able to transcend what we might term their 
inherent selfishness. We are capable of a 
divine nobility. 


I should like to pursue my theme into some 
of its many ramifications but I will content 
myself with one more effort to drive home 
my fundamental point. I wish to emphasize 
that value as I have spoken of it here exists 
in its own right. It is one of the funda- 
mental givens. Certain laws of thought can 
be denied only if we assume their truth in 
the argument by which we deny them 1 V alue 
would seem to be in a sunilar position but 
in a more subtle way. Within the realm of 
conduct we take value for granted whether 
we recognize it explicitly or not. But if we 
do recogmze it explicitly as a fundamental 
it provides us with a key to unlock our eth- 
ical puzzles. We can proceed to study the 
evolution and integration of values and 
thereby explain the normative problems in 
terms of a wider existential basis. 

C. J. AncocK 

A SCIENTIFIC VERSUS A META- 
PHYSICAL APPROACH TO 
ETHICS 

The response to my provisional attempt at 
^^ethicogenesis” in the April Soiektifio 
Monthly has been startling and stimulating. 

It ranges from querulous versifying to Pro- 
fessor Patrick Romanell’s patient and help- 
ful philosophical analysis in the October 
Scientific Monthly. Most gratifying has 
been the impression that it may be possible 
to promote a cooperative endeavor between 
interested philosophers and scientists in ex- 
ploring a proposed scientific approach to 
ethics. 

While many professional philosophers are 
frankly skeptical of approaching ethics in 
a scientific manner, there are apparently some 
who are interested, especially in attempting 
a study of the consequences of the evolution 
of interhuman adaptations. On the other 
hand, many seem to insist on retaining an 
a priori metaphysics (often supernatural- 
istic) as a basis for a theory of ethics. Even 
while admitting that the principles of ethical 
theorizing may be as scientifically developed 
as in physical theorizing, they claim that the 
subject matter to be dealt with is not of the 
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same sort. The “primitiw facts” for ethics 
are held to be individual judgments such as, 

“This act is wrong” or “This man is evil” or 
“This ought to be done.” It is the scientist s 
contention, however, that the primitive facts 
for ethics are the same as those with which 
scientists nsuaUy deal; namely, the elucida- 
tion of the consequences of action (or energy 
exchanges) on the basis of our objectively 
verifiable and voluntarily agreed upon knowl- 
edge of ourselves and our environment. 

The resolution of the difaeulty may occur 
through careful consideration by philoso- 
phers of what demonstrable knowledge we 
now possess of the meehanmms of brain ac- 
tivity. Instead of continuing to keep their 
heads ostrich-like in the barren sands of 
centuries of speculation on the semantic 
mysteries of “mind,” some of our philoso- 
phers might profit from a careful reading 
of current neurophysiology. 

While there is fair general appreciation of 
the work of Pavlov, Head, Sherrington, Can- 
non, and Herrick, there is little evidence of 
significance of the work of these men in the 
writings of the majority of current philoso- 
phers. One would think that philosophers 
would base their speculative ideas on volun- 
tarily agreed upon and objectively demon- 
strable facts. It may be too much to ask 
philosophers to keep abreast of current work 
in neurophysiology , but at least one might ex- 
pect them to become acquainted with the 
in the field. It should not be ex- 
pecting too much to ask them to familiarize 
themselves with recent summaries, such as 
those of Tilney, Krieg, and Fulton. Phi- 
losophers might also derive much interesting 
but inconclusive information regarding the 
chemistry of the brain from Page’s book by 
that name. 

As study of the brain proceeds, scientists 
expect the disappearance of the notion of 
“mind” as something supernatural and thus 
different from the possible mechanisms of 
matter. Now that the expenditure of two 
biUions of doUars has resulted in the awful 
control of the release of atomic energy, with 
the possibility of a controlled peace, it might 


be wise for us to devote at least an equal sum 
to the study of energy transformations in the 
brain. We might thus learn what limitations 
there may be to the vaUdity of our thought 
With reference to Professor Komanell s 
“reply,” let it be clear at once that it is 
generally agreed that philosophers have the 
responsibility of developing our rapidly 
growing scientific knowledge mto such 
“faiths” or “syntheses” or “wisdom” as may 
be satisfying from time to time to our yearn- 
ing to understand “what it’s all about.’ In 
undertaking this important responsibility, 
however, it seems necessary that philosophers 
keep within the limits of what our growing 
scientific knowledge shows to be possible or 
probable. 

In a tender discussion of ^^Mathematics as 
an Intercultural Bridge,” Arnold Dresden 
ably refutes the common notion as expressed 
by James Darmesteter that ^^science equips 
man, but does not guide him . . . it is invinci- 
ble, but indif erent, neutral, unmoral.^’ Sci- 
entists may strive to be neutral, but never 
indifferent nor unmoral. Dresden shows that 
the basic mathematical principles of inver- 
sion, of the order in which operations are 
performed, and of existence theorems are of 
profound moral significance, under^ condi- 
tions of reasonable association. Similarly 
other scientific endeavors in physics, chemis- 
try, and especially in biology may be shown to 
have significant moral implications under the 

same conditions. ^ 

Spencer indicated these contributions of 
science to ethics, as did Leslie Stephens, W. 
R. Sorley, A. E. Taylor, and George Gore in 
a previous generation, and as Dewey and his 
pupils, R. B. Perry, Conklin, Herrick, 
Holmes, Cannon, Waddington, Julian Hux- 
ley, and others are doing now. It seems pre- 
requisite to a discussion of what constitutes 
right or wrong conduct to elucidate, on the 
principle of inversion, all possible conse- 
quences of action, whether particular or gen 
eral. Further, for such a discussion it ap- 
pears necessary, on the basis of an existence 
theorem, to determine what conditions are 
essential or sufficient for a desired end or 
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purpose. These prerequisites can be met in 
part by the efforts of scientists. The synthe- 
sis or coordination of agreed upon scientific 
data, with reference to a general problem or 
proposition, is the business of philosophers. 

The Greeks appear to have recognized the 
trinitarian relations of logic, aesthetics, and 
ethics. They emphasized the necessity of 
knowing the ‘^truth” about a matter before 
purposes can be chosen, or techniques used to 
apply knowledge to the accomplishment of 
purposes. The job of scientists is to obtain 
^Truth^^; of philosophers and statesmen, to 
choose appropriate and possible purposes, 
and of artists and engineers, to apply knowl- 
edge to the accomplishment of purposes. 

Professor Romanell pays me a great com- 
pliment in so carefully analyzing my effort 
to induce a naturally operating ethical prin- 
ciple. His analysis reveals many points at 
which I failed to make myself clear. Thus, 
I had hoped that my definition of the general 
procedure of scientists woidd have indicated 
the importance of the experimental endeavor 
as well as of the descriptive approach. My 
emphasis on the latter was made in contrast 
to the normative approach characteristic of 
classical ethics. My purpose was to suggest 
the possible importance of a scientific ap- 
proach in ethics, particularly from the stand- 
point of elucidating the consequences of 
actions and the conditions necessary or suffi- 
cient for the accomplishment of purposes. 

It is not clear that ethics by definition is 
essentially a normative pursuit. Ethics is 
concerned with the problem of goodness, 
which is a matter of conduct, and thus of 
relations between people. Sociology, anthro- 
pology, psychiatry, psychology, and thus in 
a broad way, physiology and biology, become 
significant scientific disciplines for ethics. 
Nor are the raw data for ethics merely the 
judgments of different persons as to what is 
right or wrong, or what ought or ought not 
to be done, as Ducasse implies. The various 
factors conditioning these normative concepts 
are perhaps even more important as data for 
ethics. Such factors are elucidated by sci- 
entific effort. 


Professor Romanell says that a normative 
inquiry is concerned mainly with studying ob- 
jects as they ought to be. Is it not pertinent 
first to explore, as in an existence theorem, 
what is possible for these objects of study to 
be? Such an exploration may proceed with 
greater surety by scientific methods rather 
than by speculative. If ‘^ethics is an exami- 
nation of the good life,” then it must also be 
an examination of the factors in life which 
are conducive to the good. Such an exami- 
nation would surely profit from a scientific 
approach, both descriptive and experimental. 

There seems to be some confusion in Pro- 
fessor Komanell’s logic regarding existential 
and normative inquiries. If a normative in- 
quiry is concerned with what ought to be, 
then it certainly involves a method of choos- 
ing what ought to be. If this method is 
speculative or metaphysical, as in classical 
ethics, then it may fall to pieces by failing 
to recognize the impossible. If the method 
is scientific, one proceeds, first, by knowing 
what is, and then, second, by knowing the 
consequences of what is. When the conse- 
quences are known, an adaptive or rational 
choice may then properly be made with re- 
spect to the purposes intended. Eationality 
in choice involves appropriateness of adapta- 
tion to the end desired. The normative in- 
quiry involves, as Romanell implies, choice 
of purpose. However, in order to have any 
validity, that choice must be based on what 
we know is possible. It seems, therefore, 
that there is a normative method in ethics, 
which, if not properly replaceable via sci- 
entific method, might at least well be supple- 
mented by one. To this, I think, Professor 
Romanell may agree. 

To the scientist it is irrelevant or meaning- 
less to discuss in general how people ought 
or ought not to act. The scientist proceeds 
by finding, through verifiable experiment, the 
particular conditions necessary to be met in 
order to achieve some particular end. Our 
effort to generalise this proposition results 
in the tentative formulation of an operative 
natural principle, inducible from the plethora 
of common experience, to the effect that, if 
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the end to be reached is a lasting, satisfying 
relationship between individuals or groups 
of individuals, the condition necessary to be 
met is that the relationship must become 
mutually satisfying. It is perhaps significant 
that none of the many critics of my essay on 
ethicogenesis make a systematic attack on 
the attempted formulation of a naturally 
operative ethical principle. 

Professor Bomanell is also confusing in 
his discussion of the relation of the real to 
the ideal. If the ideal is distinguished from 
the real, then its unreality is admitted, and 
its validity becomes questionable. Is it not 
possible to place the concept of the ideal in 
appropriate scientific reference by consider- 
ing it to be an as3rmptotie limit, never to be 
reached, and therefore valid merely as an 
asymptote ? 

It is regrettable that I should have implied 
to Professor Bomanell that philosophy is 
dead, when I suggested that perhaps meta- 
physics has no further meaning in view of 
our present knowledge of ourselves and our 
environment; It would seem, in the light of 
current scientific developments, that philoso- 
phy might advance more rapidly and effec- 
tively without metaphysical impedimenta by 
deriving justidable generalizations from the 
demonstrable scientific knowledge we now 
possess of ourselves and our environment and 
by elucidating the consequences thereof. 

Professor Bomanell might be under much 
strain if called upon to justify claims for an 
inverse relation between certainty and depth 
of knowledge, or between detail and signifi- 
cance of knowledge. If he was thinking of 
the Heisenberg uncertainty principle when 
he thus dogmatized, he was unfortunately led 
into a false and dangerous analogy. 

Many philosophers make much of the no- 
tion that an organism is more than the sum of 
its parts. This is perhaps not a fair way to 
state the proposition. There is the assump- 
tion that an organism appears to be more 
than the full sum of ail of its parts and their 
respective potentialities. Some of the avail- 
able data on biological levels of organization 
have been summarized by A. E, Emerson and 


B. W. Gerard. The factor of time in the or- 
ganization of living things may also be ex- 
plored scientifically as du Nouy showed, with 
more than a hint of metaphysical skill. 

There is nothing occult, metaphysical, or 
supernatural about the concept implied by 
the word “wisdom.^^ Neurologists indicate 
that richness of sense experience may be 
readily reflected in richness of neuron associ- 
ation. Similarly “vision” and “understand- 
ing” are symbols referring to the ease and 
richness of neuron association in the brain 
in bringing together appropriate neuron as- 
sociation pathways built from the richness 
of sense perception and experience. By 
reference indeed to the degree of universality 
of neuron association pathways in different 
individuals as manifested by similarity of re- 
action to similar sense experiences, one may 
apply the canons of science to philosophical 
propositions. Those which may be refuted 
by this method may properly be termed meta- 
physical irrelevance. 

Professor Bomanell apparently does not 
differentiate between philosophy and meta- 
physics or between metaphysics and science. 
To the scientist, however, it seems that meta- 
physics has no validity because it has no basis 
in the objectively verifiable or demonstrable. 
This is to say that it has no basis in scientific 
knowledge, and hence no present reality. 
Philosophy has a valid and significant func- 
tion in coordinating scientific knowledge and 
elucidating the consequences thereof. An at- 
tempt was made to define scientific endeavor- 
in the article discussed by Professor Eoma- 
neU. By metaphysics is generally meant that 
which is beyond the physical. The scientist 
can find nothing there, and hence can^t be- 
lieve in it. In my discussion here I am using 
“metaphysics” as a symbol for all super- 
natural explanations or speculations about 
phenomena, and as a general symbol for such 
presumed nonphysical or nonmaterial, but 
allegedly real, concepts as “mind” or “soul.” 

It is from this position that the scientist 
rejects metaphysical irrelevance in attempt- 
ing an approach to ethics. As Professor 
Bomanell proceeds in his discussion of the 
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interrelations of science and philosophy it 
would seem that scientists generally would 
be in sympathetic agreement with him. The 
scientist holds, however, that the “truth’’ can 
best be obtained by the scientific method and 
that metaphysical considerations introduce 
unnecessary nonverifiable speculations and 
semantically confusing concepts. 

In his critique of my Darwinian argument 
in connection with a naturally operative ethi- 
cal principle, Professor Romaneil reveals 
again my failure to make myself clear. I 
attempted to emphasize the significance of 
adaptation in the Darwinian exposition of 
evolution. Darwin realized his error in re- 
ferring to a “struggle for existence.” It was 
this phrase which Nietzsche exploited and 
against which Samuel Butler, Edmund Mont- 
gomery, Henri Bergson, Alfred Noyes, and 
Jacques Barzun so vigorously reacted. It 
was Thomas Huxley who unfortunately 
popularized it and himself revolted from it. 
But Charles Darwin did not stress the 
struggle for existence nor “nature red with 
tooth and claw,” nor the “gladiatorial theory 
of existence.” Darwin did emphasize adapta- 
tion to environmental circumstances as a 
necessary condition for survival. It is this 
aspect of Darwinian evolutionary theory 
which is considered to be significant ethicalLy, 
and which I think he so regarded. 

An attempt was made previously to be 
explicit regarding the implications of Dar- 
winian factors in survival, but apparently 
Professor Eomanell preferred to follow the 
usual but rather erroneous ideas associated 
with Darwin’s thesis. His strictures against 
my point of view are therefore slightly ir- 
relevant, but they are helpful in proposing a 
clarification of the matter. It is quite unfair 
to Darwin to imply that Nietzsche’s iron rule 
is part of Darwinian ethics. Darwin’s con- 
tribution to ethics was essentially to offer 
biological evidence in support of the Aris- 
totelian harmony theory of ethics. This, as 
has been later developed, appears to be a 
mater of adaptation, adjustment, and com- 
promise toward what may become mutually 
satisfying. 


My very minor contribution is simply to 
offer expression of the conditions under 
which relations between human individuals 
or groups may be expected to survive. This 
expression gives a scientific basis for choice 
of conduct, and thus for ethics. Erom the 
plethora of universal experience, this general 
principle may be induced : Behavior patterns 
between individual persons or groups of peo- 
ple tend to become adjusted (by trial and 
miss) toward those which yield the greatest 
mutual satisfaction. It seems that the con- 
cept of “good” arises from developing ex- 
perience with the more satisfying behavior 
pattern. 

The principle may perhaps be more sci- 
entifically expressed in a manner explicitly 
stating the conditions under which relation- 
ships between people may be expected to 
survive: The probability of survival of a 
relationship between individual humans or 
groups of humans increases with the extent 
to which that relationship is mutually satisfy- 
ing. As a practical matter, this principle 
may be worth much attention and appropri- 
ate application in dealing with our Russian 
ally. The Russians are perhaps most likely 
of all peoples to appreciate the natural 
operation of the principle. 

To Professor Romanell’s inspirational 
closing it may be asked, If all good people 
sacrifice themselves, what happens then*! We 
can’t all be Jesus Christs, John Husses, 
Giordano Brunos, Miguel Servetuses, or even 
Marines. Some of us have to go on living 
ordinary, commonplace, everyday lives. Per- 
haps it even takes more heroism to face the 
dull grind of routine, humdrum daily life 
with equanimity and dignity than to ride the 
winds of fancy snatching at what seems to 
be fire in hope of being another Prometheus. 

Let it be hoped that this discussion may be 
extended to a serious effort on the part of 
philosophers and scientists to understand 
each other more thoroughly. Scientists cer- 
tainly have much to learn from philosophers, 
and it seems that philosophers might profit 
greatly by becoming more fully acquainted 
with current scientific developments, par- 
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tieidarly in biology, neurophysiology, psy- 
chology, psychiatry, anthropology, and soci- 
ology. The efcrts of scientists in these fields 
may supply significant and important data 
not only for a soimd ethic, but also for a 
satisfying general philosophy. 

Chauncey D. Leake 

CRACKING THE CONCEPT 
The wish to live in a more decent world is 
felt by man without the least effort on his 
part. The preference for better conditions 
in the presence of inferior ones is inborn 
in man. This is what John Dewey has in 
mind when he remarks in his Human Nature 
and Conduct: . . the ideal is itself the 

product of discontent with conditions.” But 
this wished-for better world will not become 
a reality without our effort — a long, sus- 
tained, concerted effort. 

However, in order that man may be per- 
suaded to put forth the intense effort re- 
quired to change chaos into order, he must 
feel that he has the necessary stature for the 
assignment, at least the potentialities. 

The man Christian philosophy looked at 
had the required stature for the task. But 
the Christian concept of man has disap- 
peared from academic circles. 

The naked statement that the Christian 
concept of man has vanished from Academia 
may be shocking to some. But this is what 
Mortimer Adler is tr3rmg to tell us when he 
writes a whole book on what man has done to 
man : when he writes on what psychoanalysts, 
psychologists, psychiatrists have done to 
man^s concept of himself. 

Let us see how much the modern educated 
man has wandered away from the Christian 
concept of himself. According to the Chris- 
tian philosophy, man’s reason — “the soul’s 
summit,” as Thomas Aquinas called it — ^has 
a higher hierarchy than the rest of man’s 
hungers. The rest of his hungers are those 
which he has in common with the beasts. 
This is so definitely true that the entire 
Christian concept of freedom rests squarely 
upon the Christian concept of reason. 

Hierarehy, however, is a concept alien to 


the so-caUed scientific approach. Let us look 
at this reality through Professor Staee’s book, 
The Destiny of Western Man. I choose this 
hook because it received the sole award of 
$2,500 in a contest intended primarily for 
educators, and because the committee which 
made the award was composed of prominent 
men. One of them was Carl Van Doren, who 
called it “a book of world-wide significance, 
sure to clarify and fortify contemporary 
opinion and to leave its mark on years to 
come.” 

Says Professor Stace on page 93 of his 
book : “The Greeks, therefore, had in general 
no right to their belief that man is superior 
to the other animals. . . . And therefore, we 
cannot admit the validity of that argument 
in favor of the primacy of reason which bases 
itself upon man’s superiority to the rest of 
creation.” (Italics mine.) 

However, unless the concept of the pri- 
macy of reason is recovered, even John 
Dewey is meaningless in education: “The 
ideal aim of education,” Dewey says, “is the 
creation of power of self-control.” Self- 
control, we are tempted to ask Dewey’s 
pupils, is control of what over what? What 
is self identified with? Hierarchy is implied 
in the term self-control. Or else the term 
is meaningless. 

That the term self-control is meaningless 
at present is revealed by the unsubstantial, 
makeshift character of our education. Quot- 
ing “someone,” Professor Frederick G. Nich- 
ols of Harvard wrote in 1942 : 

About 1900 in the University of Iowa a 
teacher took a hen into the class and, while this 
was a good deal of an innovation, it was simply 
a hen. About 1910 this hen had become a 

problem. About 1915 it had become a 

project. About 1919 this hen was a ''unit of 
work.’’ Around 1925 it was an "activity.”" 
In 1930 it became the basis of an "integrated 
program. ’ ’ And lo ! In 1936 this poor hen has 
become a "frame of reference.” 

In our age two philosophers — especially 
two — ^have taken the warpath to recapture 
the Christian concept of man: Jacques Mari- 
tain and Mortimer Adler. They are trying 
to recapture the concept via Saint Thomas 
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Aquinas. They have taken the silent, solemn 
road untrodden by modern specialists. I, for 
one, would like to see them come out victo- 
rious in their daring- adventure, but I do not 
even dare hope for their victory. Borrowing 
Korzybski^s terminology, one would say that 
our age has become so “neuro-semantically 
conditioned’^ by education as to have become 
^^constitutionally incapable’’ of understanding 
such men as Aquinas or Kant. On page 140 
of his Destiny of Western Man the Princeton 
Professor says : “And this outward aping of 
goodness was what poor Kant thought to be 
the essence of virtue.” After reading such a 
statement where aping of goodness and Kant 
are uttered in the same breath, and after tak- 
ing into consideration the authority conferred 
upon the statement by the award, one feels 
that both Maritain and Adler had better take 
notice of the closed-road signs along the soli- 
tary path which they have been traveling. 

It may appear absurd to philosophers, but 
in our age of specialization it is not only 
man’s concept of matter which must come 
from science, but also man’s concept of him- 
self. 

The much-discussed release of nuclear en- 
ergy might afford the opportunity for scien- 
tists to step forward with a concept of man 
which will make integration of knowledge 
possible. Knowledge is disintegrated simply 
because the concept of man is out of joint. 
What disintegration of knowledge really 
means is that it is not culturally mandatory 
to make good use of knowledge. However, if 
the scientific concept of man coincided with 
the Christian concept of man, it would be 
culturally mandatory for man to make good 
use of his knowledge. Once man is put to- 
gether everything else falls into place. And 
now that the scientists have released nuclear 
energy, the layman feels that science is re- 
sponsible for the giant’s behavior. And sci- 
ence would be equal to tibe task of controlling 
the monster if it had evolved by now a de- 
scriptive ethics of its own. Men of science 
talk and talk about the necessity of a descrip- 
tive approach to the subject of morality. Yet 
they have not given us that descriptive ethics 


which should replace the normative variety 
which has been so bantered and discredited, 

A descriptive ethics must of course de- 
scribe man, not his doings. This last would 
be history. And it cannot take the easy and 
superficial course of describing man as a 
“domestic animal.” It has to describe the 
specifically human nature of man, not the 
part which man has in common with the 
beast. It must take account of this fact in 
man’s nature which was pointed out by Kant : 
“Everything in nature works according to 
laws. Rational beings alone have the faculty 
of acting according to the conception of laws, 
that is, according to principles, ...” 

At the stage of specialization of our knowl- 
edge, to determine what is specifically human 
in man requires a veritable cracking of the 
concept of man. This cracking, in its turn, 
requires a concerted effort of specialists; as 
much as was required for the atomic bomb. 

Let us glance at the following three fields 
of specialization to realize why the effort 
must come from many fields: 

Psychoanalysis, Here is a school which 
denies rationality and puts rationalization 
in the place which rationality leaves empty. 
If the psychoanalyst is analytic enough, 
however, he soon discovers that his school 
cures by the very opposite principle which 
it proclaims. No psychoanalyst cures, for 
instance, by providing suitable mates; he 
cures by providing explanations. And a per- 
son who can be cured by explanations must 
be a highly rational being. An individual for 
whom to understand is to heal must have a 
diffuse rationality — one which penetrates and 
overpowers libido. 

While the psychoanalyst is curing by ex- 
planations he could jot down for his descrip- 
tive ethics: Once reason understands it cre- 
ates order below. Reason, therefore, must 
have an immanent power to govern the psy- 
chophysical hungers of the self. 

Hypnotism, Of course a specialist could 
remain at the toying stage with hypnotism. 
But a specialist might heed Hegel’s words: 

only know of an object insofar as in 
it I also learn of myself.” If he tries to 
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learn of himself, of man, in Ms object or sub- 
ject be may learn a lot. His experience has 
shown him, for instance, that under hypnotic 
or posthypnotic suggestion a man will dispos- 
sess himself of aU his worldly goods and be- 
queath them to a stranger. Should the reader 
be skeptical let him eonsnlt Hugo Miinster- 
berg's authoritative On the Witness Stand. 
And in some cases a man under posthypnotic 
suggestion will even accuse himself of a crime 
which he has never committed, and thereby 
land in the electric chair. But a man under 
hypnotic influence will not violate what to 
him is a moral priuciple. 

When tMs something which is stronger 
than hypnotic suggestion comes to the surface 
of man’s being, the specialist could write 
down for his descriptive ethics : Man’s affinity 
for a moral principle is stronger than his 
instinct for self-preservation. 

Industrial Psychology. The long experi- 
ment conducted at the Western Electric 
Hawthorne Plant reveals that man as a 
physical organism does better under bad 
conditions than under unjust conditions. 
Only a highly rational being would be af- 
fected by unjust conditions which are physi- 
cally good. And only if rationality has an 
immanent power over the rest of man’s re- 
actions would the above characteristic reveal 
itself under experimental conditions. 

The descriptive ethics which could come 
from cross-specialization must establish these 
two facts; (1) Man’s rationality, differing 
not only in degree but in kind from animal 
intelligence, (2) Eeason’s immanent power 
to govern the rest of man’s personality. 

These two facts must be proved scientifi- 
cally if democracy is to be differentiated 
from nazism by something more than military 
victory. Democracy is a product of a theory 
of human personality ; nazism is also a prod- 
uct of a theory of human personality. What 
is the personality heMnd the democratic 
theory? Well, democracy is a faith that 


man can live with self-imposed oughts. Only 
a rational being, of course, could live with 
self-imposed oughts, and only so if his reason 
has an immanent power to govern his desires 
and impulses. Otherwise oughts would have 
to be externally imposed. 

If man’s affinity for correct solutions were 
not potentially stronger than his affinity for 
the things which satisfy his cravings, democ- 
racy would be a dream. Democracy would 
stand distant and empty — a meaningless 
Greeo-Christian myth. 

In writing their descriptive ethics, special- 
ists must not forget that man could have 
been so constituted that he had an affinity for 
wrong solutions, or at least that between a 
right and a wrong solution he would be in- 
different. Had that been man’s condition, 
science, philosophy, and democracy would he 
unknown in the world. Democracy would 
also he impossible if man did not have a 
wider scope for perceiving as right the right 
solution than for discovering it. 

Science has steadily rejected normative 
ethics. But in this hour of crisis, in wMeh 
science is about to lose its freedom, would 
not scientists gallantly step forward and 
give us a truly descriptive human ethics — an 
ethics that could not possibly be thrown off 
the saddle by scientific progress ? 

To match the cracking of the atom there 
must he a parallel cracking of the concept of 
man. Each specialist would have to start 
bombardment within his own field. If he 
goes at it hard enough he wiU discover, 
croucMng within his own field of specializa- 
tion, a man of much larger stature than the 
one his specialty stands for. 

If the bombardment is started from all 
quarters and the concept is cracked, the re- 
lease of spiritual energy will be voluminous 
enough to make physical nuclear energy 
behave. It might be powerful enough to 
light the lamps of peace and keep them 
burning. 

Aita Maeta O’Neill 



COMMENTS AND CEITICISMS 


195 


ProL Sumner’s Wise Reflections 

Permit a mere journalist, retired after fifty 
years of activity, and now facing extreme old 
age, to congratulate you on the puhlieation of 
Prof. Sumner profound and philosophical 
article on old age and death. War almost in- 
variably leads to the revival of what some 
people choose to call religion, but what is in 
reality crude superstition and naive beliefs 
supported by no evidence worthy of the name. 
These efforts are futile and vain, of course, but 
while they last, they do some harm. Voltaire 
did not say that those who believe in absurdi- 
ties are prone to commit atrocities, but he 
might have said it, for it is true. 

The dread of death, as Prof. Sumner — ^who, 
by the way, was a fellow La JoUan and almost 
a neighbor of mine — ^points out, is either a 
dread of hell-fire, which is an absurdity, or 
else a dread of total extinction, and this kind 
of dread is normal enough. Huxley had it, 
as he confessed. But we are intelligent beings, 
for the most part, if we get any education and 
introduction to the wisdom of the ages, and we 
learn that extinction is the common lot, except 
the lot of matter in its simplest form. Human 
life is tragic, because life abhors the idea of 
extinction. But life, on the whole, is good, not 
bad, and it is better to live the average human 
span than not to live at all. 

As for individual or personal immortality, 
it is what Spencer called a pseud-idea. No 
one can imagine the existence of a disembodied 
soul or spirit. No one can really believe that 
after death something indescribable and incon- 
ceivable leaves the body and continues to float 
somewhere in space in some other shape or 
form — doing what, serving what purpose, pray? 
No one knows. No one can know, apparently. 
Can we take seriously those who tell us, sol- 
emnly, that in heaven there are cocktails sans 
alcohol and tobacco sans nicotine? (Sir Oliver 
Lodge’s ‘‘Eaymond” for instance?) Prof. 
Sumner’s reflections on this question are criti- 
eism-proof. 

In recent magazine papers, some writers have 
taken the odd position that immortality, which 
cannot be proved, is at least * ‘probable.” 
Why! Because, forsooth, nature cannot afford 
to waste and lose human personality, the most 
precious thing there is in the universe. The 
conservation of matter, or energy, suggests that 
personality, too, is being conserved. This argu- 
ment is not even plausible. What becomes of 
personality in senility, in loss of memory as 
the result of certain diseases — as in the case of 
Henrik Ibsen, who had to relearn the alphabet 
after seventy! What happens to personality in 
the case of the young who die before maturity 
and full development of their powers! Finally, 


the best in personality does survive death, not 
in the shape of a disembodied soul, but in the 
form of books, pictures, music, buildings. 
Bach, Beethoven, Dante, Milton, Shakespeare, 
Kant, are not dead — they live and mold our 
lives, ennoble and enrich our personalities. 

It is to be hoped that Prof. Sumner’s brave 
and candid paper will encourage other men of 
science to publish their ripe reflections on life, 
senescence, death, and reasonable ideas of im- 
mortality. Men of science are leaving their 
ivory towers, or their laboratories, and mani- 
festing concern about our pressing and difficult 
problems, moral, economic, and social. It is 
their duty and privilege to help build a better 
world, a world free from superstition, barbar- 
ism, and injustice. 

Victor S. Tareos 

Professor Sumner’s Unwise Reflections 

In the August 1945 Scientific Monthly the 
essayist of “ A Biologist Reflects Upon Old Age 
and Death” has certainly ventured far afield 
from his entitled theme. He has virtually tried 
to offer a new concept on suicide, and one on 
the status of religion in the realm of “thinking 
persons. ’ ’ 

With a view to our own laws and moral codes, 
(which we observe and cherish as American) 
suicide is an illegal act, is immoral, foolhardy, 
and cowardly. Incidentally, we certainly should 
not and cannot evaluate nor judge the J apanese 
with their national propensity for suicide, by 
our own laws and moral codes. But the author 
records, “Suicide, far from being ‘cowardly,’ 
as is so often pretended, is for most persons an 
act of supreme courage. Is it not really cow- 
ardice which has prevented most lives from 
being ended prematurely at moments when con- 
ditions seemed intolerable?” 

It is disconcerting to observe a “scientist,” 
one who searches for the truth, expounding a 
self-styled doctrine which, when carefully and 
impartially analyzed, is neither scientific nor 
popular. 

The author’s subtle thrust upon religion is 
the equivalent of an explanation for his neat 
compilation on suicide. 

Otherwise, the orderly expositions on lack of 
driving power, becoming less impressionable, 
and the evidence of a failing memory seem to 
be more germane to the implications of the title 
of his interesting paper. 

The author’s inference, as expressed in his 
footnote, “that scientists as a class are ‘tough 
minded,’ ” is indeed presumptuous. Any 
limited circle of friends or acquaintances should 
not be used as an indiscriminate “yardstick” 
by anyone. 

Harry Mahth, D.D.S. 
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THE BROWNSTONE TOWER 

Alexaistdeb Wet- 
more, Secretary of 
tlie Smithsonian In- 
stitution and a dis- 
tinguished ornithol- 
ogist, was kind 
enough to comment 
on our Christmas 
story of the owls 
of the Brownstone 
Tower. He wrote 
as follows : “The barn owl of the Smithsonian 
towers is an old friend of mine, as I have 
known this bird, and his predecessors in 
tenancy, since 1912. Actually, the bird has 
become almost a legend, since Pierre Louis 
Jouy, who worked at the Institution for a 
time, records this owl in his list of District 
species published in 1877, and Coues and 
Prentiss in 1883 remarked that it Ts known 
to have nested in the Smithsonian towers\^^ 
In a later conversation Dr. Wetmore told 
me that the owls nest in the small tower at 
the northwest corner of our building. From 
my chair I can see one of the owls^ doorways 
— an open quatrefoil above a pair of narrow 
windows. One time the quatrefoils were 
screened without Dr, Wetmore’s knowledge. 
Upon learning that the owls had been dis- 
possessed, Dr. Wetmore ordered the screens 
removed. The birds soon returned to their 
rent-free home and, we suppose, have lived 
there happily ever since. 

Another friend who enjoyed the owls ad- 
ded to his compliments: “Wish you would 
write more about your general philosophy of 
things.” It is a temptation that I shall resist 
as long as possible, for the SM already con- 
tains the wisdom of wiser men than I. If I 
should attempt to preach from the Tower, I 
fear that I would be taking unfair advantage 
of those who do not have such a pulpit, and 
I might even come to regard myself as an 
oracle. Therefore I would rather risk the 
faults of triviality than those of profundity. 
I^t me leave the latter to the owls. 

Those birds are not the only fauna of the 



Tower. I could teU the story of the recum- 
bent roofers, but perhaps I should confine my 
remarks to the so-called lower forms of life. 
Take the starlings, for instance (and you^re 
welcome to them). Fortunately, only a few 
of these birds flutter about our windows, 
though myriads roost on the ledges of the 
Archives Building across the Mall. Could 
it be that our owls are protecting us from 
these deseeraters of monumental buildings? 
Dr. Wetmore says that starlings are their 
principal prey in winter. 

We have no “Archie” to criticize us. He 
and a few of his fellow-cockroaches live in 
the basement of the Smithsonian, where he 
has assisted Dr. Earl S. Johnston as a subject 
for tests of a sensitive method for the de- 
termination of minute quantities of carbon 
dioxide. After taking many deep breaths 
for Dr. Johnston, Archie has returned to his 
friends and relations, none the worse, we 
hope, for his exhausting experiences. 

In referring so familiarly to insects I hope 
that I have not offended one of our readers, 
an engineer, who wrote that he wanted the 
SM, provided we would not publish any 
more pictures of bugs. An entomologist 
tends to forget that cockroaches are almost 
as repellent as snakes to many people. Per- 
haps it is safe to write about an insect not 
so well-known. 


One night this winter, while my wife was 
reading, a hemipterous bug about a centi- 
meter in length walked slowly across her 
book. This insect was garbed in scarlet and 
black, the colors of my first college, Haver- 
ford. It seemed bewildered on the printed 
page, so I gently brushed it aside, explaining 
that it was harmless — only a box-elder bug 
seeking shelter for the winter. For weeks 
we saw one bug every night and liked to 
think of it as the same individual, whom we 
called Elmer. He was a friendly fellow but 
finally he took advantage 5f our tolerance, 
for he called in ^fiiis sisters and his cousins, 
whom he reckons by the dozens,” and we had 
to take steps to curb the invasion arising 


from the cellar. 


F. L. Campbell 
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JAMES BRYANT CONANT 

PRESIDENT OF THE A.A.A.S. FOR 1946 
By VANNEVAR BUSH 


The election of James Bryant Conaiit 
brings to the presidency of the Amer- 
ican Association for the Advancement 
of Science a leader whose career is con- 
vincing demonstration of the effective- 
ness of scholarship in action. It is no 
disparagement of Dr. Conant’s notable 
attainments in chemistr}^ and his acumen 
as a researcher to say that in calling him 
from his laboratory in 1933 to become 
its twenty-third president, though it de- 
manded of him great personal sacrifice 
and though it took from the scientific 
investigation of photosynthesis a sadly 
missed pioneering mind, Harvard Uni- 
versity did education and the country 
a great service. For the opportunities 
and the responsibilities which then be- 
came his, he was ready ; and as problems 
in fields far from scholarship and edu- 
cation arose to require his keen analysis 
and solution, he had already grown to 
meet them. His unwersity and the na- 
tion as a whole are, by consequence, 
continuing beneficiaries. 

Dr. Conant’s measure as a statesman 
of the intellect had been well fore- 
shadowed a number of years before his 
recent and present preoccupation with 
the world-relations of the United States 
as an aftermath of the war. His annual 
reports as President of Harvard epito- 
mize his driving belief in democratic 
opportunity in education and his com- 
mon-sense approach to ways of opening 


and stabilizing it. Americans are a re- 
port-writing people, and the annual out- 
put of such documents is therefore stag- 
gering in more ways than one. "Without 
exception, Conant’s reports have been 
oases, broad in conception, lofty in 
aspiration, sound and practical in ap- 
plication. The philosophy of education 
which they express came to him as part 
of his New England birthright. It has 
been matured and consolidated both by 
experience and by earnest thinking, and 
ill it as thus developed are to be found 
the basis for Conant’s leadership as a 
citizen and the explanation of the un- 
selfishness with which he has devoted 
himself to public service. 

His recent activity as adviser to the 
Secretary of State in negotiations look- 
ing toward international control of 
atomic energy illustrates Conant’s schol- 
arship in action for the establishment 
and stabilization of peace among na- 
tions. The convictions of the necessity 
for world concord which have impelled 
his work for peace are the same con- 
victions which made him a militant in- 
terventionist as long as seven years ago 
and brought from him the first Amer- 
ican demand for “unconditional sur- 
render,’’ only two months after the day 
of Pearl Harbor. 

But both in his firm insistence that the 
United States must carry determined 
war to an unrelenting conclusion against 
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the Axis and in his unstinted collabora- 
tion in the endeavor to prevent the recur- 
rence of such a grim necessity, Conant 
is no summer soldier or sunshine patriot. 
He knows the harsh bargain that war 
drives with those who slacken their grip 
on peace and therefore have to buy it 
back with blood and treasure. Conant 
learned this lesson in the first World 
War, when as a twenty-five-year-old 
major in the Chemical Warfare Service 
he directed top-secret work on gas war- 
fare. It fortified him for the hea\w 
demands which the second World War 
was to impose upon him. 

Conant ’s active concern over the war 
was voiced as early as 1939, and with 
the formation of the National Defense 
Eesearch Committee in June 1940, he 
went to work in dead earnest, taking 
responsibility for NDRC’s development 
of his World War I subject — chemical 
warfare. As the country’s war research 
expanded, the Office of Scientific Re- 
search and Development came into being 
in 1941, and Conant took on the chair- 
manship of NDRC, which became the 
central agency in OSRD military re- 
search and development, involving the 
expenditure of many millions of public 
funds. His contribution to the. success 
of American arms through this work is 
itself incalculable. 

Through most of this period, however, 
Conant was at the heart of the great 
program of research, engineering, and 
administration that brought nuclear 
fission to practical utility. His manifold 
other accomplishments through his post 
in NDRC are equaled in significance by 
what he did in co-ordinating and spur- 
ring the project which reached achieve- 
ment in New Mexico last July and which 
a month later put an end to the war. 
The Smyth report gives in stark out- 
line the history of his participation in 
this work — ^the successive reorganizations 
from the original Uranium Committee 


through a series of units to the OSRD 
S-1 Executive Committee under his 
chairmanship, as w^ell as his contribu- 
tions to the formation of policy through 
the so-called Top Policy Group formed 
in 1941 and the Military Policy Com- 
mittee which came into being after the 
prosecution of the work had reached 
such a stage that the Manhattan District 
was created and the Army began to as- 
sume operating responsibility for the 
develoi3ment. Unreported but vivid in 
the memories of his colleagues — ^military 
and civilian — ^through these years is the 
record of his rare combination of hard- 
headed analysis and tactful collabora- 
tion in problems that were ever new, 
ever changing, and charged with vital 
importance to the country and to men 
everywhere. 

In Conant ’s personal history up to the 
war, Harvard is the dominant note. For 
all but sixteen of his fifty- two years — 
he was born in Dorchester, Mass., March 
26, 1893 — as student, teacher, or admin- 
istrator, he has been in and of it. Pre- 
pared at the Roxbury Latin School, he 
was graduated as a Bachelor of Arts in 
1913, and received the Ph.D. and be- 
came an instrnetor in chemistry in 1916. 
He advanced through the grades to be- 
come Sheldon Emery Professor of Or- 
ganic Chemistry in 1929 and chairman 
of the department in 1931, holding these 
posts at the time of his election to the 
presidency of the University on June 21, 
1933. As a chemist, he has worked on 
the quantitative study of organic reac- 
tions, on hemoglobin, on free radicals 
and superaeid solutions, and on chloro- 
phyll. In 1932, Columbia awarded him 
its Chandler Medal for achievement in 
chemical science, the subject of his paper 
being '^Equilibria and Rates of Some 
Organic Reactions.^’ In the same year, 
the William H. Nichols Medal of the 
New York Section of the American 
Chemical Society came to Mm for his 



200 


THE SCIENTIFIC MONTHLY 


work on chloroi:)liylL Tke gold medal 
of the American Institute of Chemists, 
for noteworthy and outstanding ser- 
Tice to the science of chemistry or the 
profession of chemistry in America’^ 
was awarded him in 1934. 

Married in 1916 to Grace Thayer 
Richards, Conant has two sons. His per- 
sonal interests are in simple things ; He 
is a good fisherman, and used to go ski- 
ing on occasion — in fact, he once cracked 
up a shoulder on a tricky slope, to the 
dismay of the Harvard Corporation. 
Thanks to the fact that one of his grand- 
mothers was born in 1800, he is a mem- 
ber of the executive committee of the 
extremely select Association of Grand- 
children of the Eighteenth Century. 
Good talk is one of his great delights, 
and he is adept both at drawing out the 
other fellow and at keeping up his end 
of a conversation. 

He comes to the presidency of the 
Association at a high point in a dis- 
tinguished career. With war I'esponsi- 


bilities drawing to a close, he will bring 
to the problems of scholarship and edu- 
cation the vigor of his basic belief in 
democratic opportunity and the added 
strength of convictions matured by re- 
flection and observation during this 
period of stress. It is notable that, 
with all the pressure of recent years, 
Conant has made time for thinking and 
writing on the essential questions of the 
relation of the scholar and the state, 
and the ends and means of learning. 
Moreover, it was he who in the midst 
of unprecedented and taxing demands, 
set in motion and followed in operation 
the fundamental study of educational 
philosophy and policy which is embodied 
in the report of the Harvard Committee, 
General Education in a Free Society, 
The advance of the Association towmrd 
its objectives will be spurred by his in- 
fluence, as other efforts at resolving the 
perplexities of bettering the minds and 
therefore the lives of the people have 
gained by his guidance. 



THE SUN MAKES THE WEATHER 

I. MEASURING SOLAR VARIATION 
By C. G. ABBOT 

RESEARCH ASSOCIATE, SMITHSONIAN INSTITUTION 


After liis term as Speaker of the 
House of Representatives, Uncle Joe'’ 
Cannon of Illinois came back to the Ap- 
propriations Coinmittee, of wbieli be bad 
been a distingnisbed member. Repre- 
sentative Fitzgerald of Brooldyn was tbe 
new ebairinan of tbe Committee. 

In tbe midst of tbe Smitbsonian bear- 
ing tbe chairman said: “Tbe next item 
is the Astrophysical Observatory. What 
is it ? What does it do ? What good is 
it?" 

“Mr. Abbot will speak to that, Mr. 
Chairman," said Secretary Walcott 

I bad just begun to tell of our work 
when the chairman was called from tbe 
room. Said Representative Sbeiiey of 
Kentucky: “This is rather interesting, 
but I think Fitz would have bis troubles 
if be tried to explain it on tbe floor of 
tbe House." 

Old Uncle Joe was walking to and fro, 
with bis cigar tilted high, as tbe car- 
toonists liked to draw him. He stopped 
opposite Sberley and said: “No, Sbeiiey. 

I recollect when old Professor Langley 
came to me and said, ‘Mr. Cannon, I need 
$4,000 for tbe Astrophysical Observa- 
tory in order to investigate tbe infrared 
spectrum of tbe sun with tbe bolometer. ' 
‘My God, Pi*ofessor,' said I, ‘Can't you 
abolish it!' But no, Sbeiiey, one may 
forget about the stars that are so far 
away it takes light a thousand years to 
come from 'em, and if they were all abol- 
ished tonight our great-grandchildren 
would never know the difference — vre can 
forget tbe stars, but everything bangs on 
tbe sun, Sberley, and it ought to be in- 
vestigated, and I think this appropria- 
tion is all right." 

We got tbe appropriation, 
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For 25 years we have worked on three 
problems. How much does tbe sun’s 
beat that warms tbe earth change from 
time to time! How much do these beat 
changes affect the weather? Can sun- 
produced wnatber changes be predicted ? 

To solve these problems my colleagues 
of tbe Smithsonian Institution and I 
have observed tbe beat of the sun's rays 
at 12 widely separated stations ranging 
from sea level to 14,500 feet in altitude, 
and with automatic apparatus we have 
even measured sun beat from balloons at 
15 miles' elevation. Many months of 
daily observation have been spent at each 
of tbe 12 stations, except Mount Whit- 
ney, and 3 of them, Mount Wilson and 
Table Mountain in California, and 
Montezuma in Chile, have been occupied 
for a score or more of years. 

Our daily observations, aimed to re- 
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cord the variation of the sun, begin at 
the stations soon after sunrise and last 
till about 10 A.M. After that the plates 
must be developed and measured. Then 
come the computations, which often last 
far into the night. The best of our sta- 
tions are on mountaintops in desert 
lands, thousands of miles from home, 
where there is neither bird nor beast, 
plant nor insect, nor any human neigh- 
bors within many miles, and where rain 
rarely falls. At Montezuma, Chile, all 
food,' and even water, is hauled from 12 
miles away by the observers themselves. 

As a result of this long and strenuous 
investigation, I believe I know the an- 
swers to our three questions. 

When I speak of the sun’s heat that 
warms the earth I mean the heat equiva- 
lent of those rays which fly through 
space from the sun to us in 8 minutes, 
moving 186,000 miles each second. Some 
of them we can see and we call them 
white light. Sir Isaac Newton proved 
that white light is really a combination 
of the colors of the rainbow. Beyond 
the violet lie rays invisible to us, which 
we call ultraviolet; beyond the red are 
invisible rays which we call infi’ared. 
All of these, when they enter substances, 
such as clouds, water, or soil, produce 
heat. Thus the sun’s rays keep our earth 
warm enough to live on, and if indeed 
they alter, the weather should alter too. 
Eadio rays are similar to infrared sun- 
rays except that their wave lengths are 
much greater. So far as we know, they 
are not contained in sunrays. 

When I ask if the sun’s heat that 
w’arms the , earth changes from time to 
time, I mean before it reaches our at- 
mosphere, while yet altogether in free 
space in the form of waves. In other 
words, is the sun a variable star, as many' 
other stars are ? The answer is yes. 

Whek we began these studies about 40 
years ^o, scientists did not know within 
wide limits how much heat the sun sends 


the earth. The best textbook of meteor- 
ologv published about 1900 gave values 
ranging through 250 percent without of- 
fering a preference. Both in theory' and 
xii practice the subject was chaotic. It is 
now almost universally admitted that the 
Smithsonian observations and publica- 
tions have established that outside the 
atmosphere the sun’s heat is known 
within 1 percent. We call it the solar 
constant of radiation.” If there could 
be a cube of wnter 1 centimeter (.4 inch) 
on edge, so black that it would fully ab- 
sorb sunrays, situated on the moon, 
where there is no atmosphere, in_ March 
when the sun is at its mean distance, 
and exposed with its surface at right 
angles to the sunbeam, then its tempera- 
ture w'onld rise 1.94° C- (3.49° F.) in 1 
minute of time. 

Though this is called “the solar con- 
stant, ’ ’ many' thousands of our measure- 
ments of it show that it is subject to 
small variations, seldom exceeding 1 pei- 
eeiit, but on rare occasions reaching a 
range of 2 or even perhaps 3 percent. 

It varies from clay to day because the 
sun rotates on its axis in about 27 clays 
and is not equally bright all over. Thus 
unequally bright areas face us from time 
to time. ' It also varies over the months 
and years, but we are not yet sure that 
we know why. Some of our critics doubt 
if our measurements of the solar con- 
stant are accurate enough to show varia- 
tions as small as 1 percent or less. They 
argue that even if our ground measirre- 
ments have sufficient accuracy, still oui 
observing stations on the earth s surface 
have abov'e them an ocean of air, ehai’ged 
with ozone, water vapor, carbon dioxide, 
dust, and clouds, tending to throw the 
estimates into ei'ror. Can such a for- 
midable obstacle be overcome? 

First of all, we have to measure the 
sun’s heat at ground level. For this 
purpose I perfected the “silver-disk 
pvrheliometer ” about 30 y'ears ago. 
Compared to a sewing machine or an 
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eiiitomobil'e it is a very simple instruiiieiit 
— ^merely a disk of silver about the di- 
ameter of a half dollar and a quarter of 
an inch thick. It lies, flat side up, at the 
bottom of a brass tube 15 inches long, 
through which the sunrays pass. The 
exposed front of the silver disk is painted 
dead black to absorb the sunrays. A 
thermometer bulb is inserted radially in 
a hole in the disk. The observer merely 
measures how fast the thermometer rises 
because of the sun's heating the black- 
ened disk. Nearly 100 of these silver- 
disk pyrheliometers have been built and 
standardized at the Smithsonian Institu- 
tion under my direction and have been 
furnished at cost to observatories and 
experimenters on all continents. Pub- 
lished accounts by Australian and Ar- 
gentinian observers, as well as our own 
experience, show that these instruments 



can measure to an accuracy of .25 per- 
cent, and that they have retained their 
accuracy unimpaired for over a quarter 
of a century. 

To express our results in accepted 
heat units, however, we had to devise a 
primary standard pyrheliometer, with 
which to compare these silver-divsk field 
instruments. For this purpose I in- 
vented the ^Svater-flow pyrheliometer." 
Everyone has noticed how absolutely 
dark an unlighted chamber seems, and 
how all of its objects near the back wall 
fade into invisibility when view^ed from 
outside through a small opening. In 
fact, such a dark chamber is a complete 
absorber, better than the blackest paint. 
With this in mind I used a dead-black 
tube to receive and absorb the sun 's rays. 
Its hollow w^alls have a spiral channel 
from end to end within their thickness. 


d 






THE SMITHSONIAN’S WATER-PLOW" PYRHELIOMETER 

USED TO STANDARDIZE INSTRUMENTS EOR MEASURING THE INTENSITY OF THE RADIATION OF THE SUN. 
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TWO PYRHELIOMETERS AND A PYRANOMETER 


Tliroiigli this channel a steady current show none of the electrical heat escapes 
of water flows at a measured rate to measurement. Hence we infer that is so 
carry off the sun’s heat as fast as re- with solar heat also. Such is our stand- 
ceived. By a delicate electrical ther- ard water-flow pyrheliometer. At a 
mometer w^e can measure the rise of tern- European conference, many years ago, 
perature of the water caused by the sun’s Dr. Gustav Hellmann, then chief of the 
heat. The area of. the front orifice German Meteorological Service, said 
through which sunrays pass into the in- publicly : “There is but one standard 
strument is accurately known. Thus we pyrheliometer in the world. It is located 
can measure how much a given weight of at the Astrophysieal Observatory of the 
water is heated by the sunrays received Smithsonian Institution.” 
in one minute through a known aperture, Dr. Langley once said in substance: 
and fully absorbed. To make sure we “The difficulty of measuring sunrays 
are right, we have a coil of wire within accurately at the ground is indeed very 
the chamber near its back end, through great, but the difficulty of measuring 
which a measured current of eleetrieity their loss in the atmosphere is perhaps 
may be passed. This will produce a insuperable.” So, though we had^ mas- 
known amount of heat, which may be tered the first difficulty, we had this dis- 
measured by the flowing water nrothod eouraging outlook to face as we turned 
as if it were kUn heat. Our experiments to the second branch of our problem. 
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THE KEW BWEHIilKG AT MONTEZUMA, CHILE 

THIS BUILBING "WAS OONSTEUGTET TO WITHSTAND EARTHQUAKES- ITS HEATY BEEO'OECED CON- 
CRETE POUNRATION RESTS MOSTLY UPON SOLID* ROCK AND ITS BRICK WALLS CONTAIN THICK WIRES. 


MONTEZUMA STATION, CHILE 

THE ORIGINAL DWELLING, ABOVE, WAS LATER RE- 
PLACED BY A REINFORCED CONCRETE STRUCTURE. 
THE INSTRUMENTS ARE ON THE MOUNTAINTOP. 


I shall not try to explain the theory 
and practice of estimating the trans- 
parency of the atmosphere for siinrays. 
Eeaders who wish to study it may consult 
Volumes 2 and 6 of the Annals of the 
Astrophysical Olservatory. It will suf- 
fice here to say that we are required to 
locate our observing stations on moun- 
tains in cloudless deserts; that we take 
advantage of the fact that when the sun 
advances from morning towards noon 
the path of his rays in our atmosphere 
steadily diminishes; that we necessarily 
measure separately at about forty dif- 
ferent places in the eolor spectrum, from 
far beyond the violet to far beyond the 
red ; and that we use the Langley bolom- 
eter, which is an electrical thermometer 
so sensitive that it measures changes of 
0.000,001 degree in temperature. 

It is easy to believe that when we use 
an electrical thermometer sensitive to a 
millionth of a degree, we have to do it in 
very steady surroundings. The late 
Edgar Moore, of Los Angeles, suggested 
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MOUNT MONTEZUMA, CHILE 

APPARATUS AND OBSERVING TUNNEL USED EVERY 
DAY FOR MEASUREMENT OP THE SUN ’S RADIATION. 


to me many years ago that we could in- 
sure a much more constant temperature 
around our instruments by mounting 
them within a tunnel, dug horizontally 
far back into the mountain. The sun- 
beam to be measured is reflected into the 
tunnel and made stationary in a north- 
south direction by eontroliing the mir- 
rors with a suitable mechanism. We 


read in the Bible that Joshua made the 
sun stand still in the heavens. We can- 
not do that, but we do make its rays 
stand still in our measuring tunnels. 
Moore h sclietne has gone far to insure to 
our results their high degree of accuracy. 

You may be sure that I was proud 
when the late Professor Turner of 
Oxford in the year 1908, reviewing 
Volume 2 of the Annals of the Astro- 
physical Observatory, wrote : '^Mr. Abbot 
has shown that lie is measuring some- 
thing definite, for he has detected an 
annual diminution of 3.5 percent from 
August to October, due to our greater 
distance from the sun.'' But the results 
published 32 years later in Volume 6 of 
the Annals disclose and measure changes 
in the sun's heat five times smaller than 
those for which Turner praised us. 

On every promising day, for over 20 
years at our 3 mountain observatories, 
we have made these studies of the sun's 
heat as it is outside our atmosphere. 
These stations are thousands of miles 
apart, one in the Southern, two in the 
Northern Hemisphere. Their results 
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LABORATORY, SMITHSONIAN OBSERVATORY, TABLE MOUNTAIN, CALIFORNIA 


agree beautifully, and all tell tlie same 
story, that the sun is a variable star. 

This program is still in progress, and 
thus far has involved making about 
20,000 measurements of the solar con- 
stant. Its results, from 1920 to 1939, are 
contained in very long tables of figures, 
illustrated by diagrams, occupying the 
last half of Volume 6 of the Annals of the 
Astrophysical Observatory. They have 
required great skill and devotion on the 
part of our observers in. the field. Not 
only do they live like hermits, work like 
laborers, and observe like top-notch lab- 
oratory men, but they spend many hours 
every day measuring plates and com- 
puting the preliminary results. These 
they send to Washington, where four 
highly-skilled people go over every ob- 
servation meticulously, compare the re- 
sults, detect and cure errors, and apply 


little corrections only possible to deter- 
mine from making use of thousands of 
days viewed as a whole. The prepara- 
tion of Volume 6 of the Annals required 
almost four years of solid work by the 
workers at Washington, besides what was 
done ill 20 years by observers in the field. 

Some years ago we asked permission of 
the U. S. Civil Service Commission to 
appoint a certain young college gradu- 
ate, whom we had specially trained for 
two years, to be in charge of the station 
at Montezuma. We described the place, 
the duties, the isolation. We told of the 
use of instruments to measure the sun’s 
heat to 0.000,001 degree, and the neces- 
sity of being able to rebuild them on the 
spot if destroyed by earthquake. Such 
repairs involve the hanging of a care- 
fully adjusted magnetic device, hardly 
heavier than a hair, upon a thread of 
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COMPUTING EE8ULTS AT TABLE MOUNTAIN 


quartz crystal too flue to be seen witli 
the naked eye. We mentioned the Ion ft' 
and intricate calculations to be made 
each day, the early rising and long hours, 
the personal hauling of supplies — even 
of -water— and the necessity for tact to 
carry on -without friction, both in the 
observatory family and among the people 
of the country. We suggested that un- 
less the Commission felt it indispensable 
to hold a public examination for the 
place, we be permitted to appoint the 
young man whose qualifications had been 
proved by two years’ experience under 
our immediate supervision. The Com- 
mission replied, in effect, that as angels 
from heaven were unlikely to apply, they 
felt it futile to insist on a public ex- 
amination. 

Two types of solar variation are dis- 
closed in Volume 6 of the Annals, short- 
mterval and long-period. No less than 
500 well-marked eases were discovered 


up to the end of 1939 in which the sun’s 
heat increased, or, on the other hand, 
decreased in periods of 3 or 4 days 
each, by amounts ranging from .5 per- 
cent up to 2 percent. These short- 
interval solar variations are probably 
caused, as I have suggested, by the sun’s 
rotation bringing unequally bright areas 
of the sun’s surface to face the earth. 
This type of solar valuation is very un- 
equally distributed in the colors of the 
spectrum. It amounts to almost nothing 
for red and infrared rays, but increases 
steadily towards the green, blue, violet, 
and ultraviolet. Tlie sun’s variation in 
ultraviolet rays is at least six times as 
great in percentage as the variation of 
the solar constant itself, which of course 
comprises all kinds of solar radiation. 

As is customary in many kinds of long- 
continued programs of observation, we 
give in Volume 6 of the Annals the aver- 
age solar constant values for each 10 
days, for each month, and for each year. 
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111 this way the clay-to-day fluctuations 
are smoothed away. But as we scan the 
whole 20 years of observation we see in 
these smoothed values many cases of rise 
and fall in the sun’s output of radiation. 
The fluctuations are seldom as great as 
1 percent in their range. Yet depending, 
as each of these average values does, on 
many days of observation, even these 
small fluctuations are significant. In- 
deed they are not all so small. There is 
one notable case in the years 1922 to 1924 
when the sun’s heat fell off rapidly by 2 
percent, and then gradually recovered 
itself. I shall show later that this ex- 
traordinary case was accompanied by 
unusual weather in those years, and I 
shall point out the probability that we 
are now in the throes of a similar con- 
dition. 

To the casual glance, the sun’s varia- 
tion, indicated by monthly averages from 


above middle (7, its tone, if analyzed, is 
found to consist not only of the funda- 
mental Ey but of its octave, and of many 
higher tones called harmonies. These 
harmonies are all closely related mathe- 
matically ill their periods of vibration to 
the time of vibration of fundamental E. 
The difference between the sound of the 
violin and that of the trumpet depends 
on which of these harmonies are present 
when fundamental E is sounded. 

The sun’s long-interval variation is 
similarly made up of different regular 
waves, or periods of change. All of them 
are almost exactly integral fractions of 
273 months, or 22f years, which, in our 
musical analogy, we can regard as the 
fundamental. Our best knowledge indi- 
cates, however, that there are slight devi- 
ations from exact integral relationship 
with the harmonics,’^ as shown in 
Table 1. 


TABLE 1. Eelationships op 14 Periods op Solar Eadiation 


Solar periods 

observed 27'A 91 (58 54 45.25 39.5 34 30.33 25.33 21 11.87 11.29 9.79 8.12 

Eractioiis of 

273 montbs 1/1 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/11 1/13 1/23 1/24 1/28 1/34 

Computed 

periods 273 91 68.2 54.6 45.5 39 34.1 30.33 24,8 21 11.87 11.37 9.75 8.03 


1920 to 1939, seems altogether irregular, 
haphazard, and not subject to rule at all. 
But a prolonged and careful analysis 
has shown that it is really a complex of 
as many as 16 regular, simple, periodic 
terms. We have all watched the great 
waves sweep in toward the ocean beaches, 
bearing on their surfaces many little 
waves. The whole agitation of the water 
is a complex of big and little waves ad- 
vancing simultaneously. Somewhat sim- 
ilar is the long-interval variation of the 
sun with its complex structure of simul- 
taneously active long and short periods. 
A still more exact pai’allel is found in the 
sounds of a violin or trumpet. If one of 
these instruments sounds the tone E 


If you ask why the particular periodic 
variations of Table 1 occur simulta- 
neously, which added together make up 
almost completely the fluctuations in the 
sun’s output of radiation, I cannot cer- 
tainly tell. The most likely explanation, 
however, involves sunspots. 

When Galileo made his famous tele- 
scope in the year 1610, besides the 4 
moons of Jupiter he saw that the sun’s 
surface had black spots upon it, which 
marched along and crossed the visible 
solar disk in about 14 days. This shows 
that the sun rotates in about 27 days, the 
spots being half the time hidden behind 
the sun. Since his time the sunspots 
have been studied. They have been 
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A SLIDE EHLE COMPUTER 


proved to be whirlpools in the gaseous 
substance of the sun. Their numbers 
range from almost nonCj as in 1943, up to 
many, as will be the case about a year 
hence. Their numbers, in fact, wax and 
wane in a cycle of about 11^ years, which 
is called the “sunspot cycle.” For at 
least the past 150 years these cycles have 
been alternately strong and weak. So 
there is really a master sunspot double 
cycle of nearly 23 years which is also the 
master cycle in the fluctuation of the 
sun’s heat. My 14 solar heat periods are 
thus all very close to being integral frac- 


tions of the double sims])()t cycle. They 
must, almost surely, be related to sun- 
spots in some very deep-seated way. 

But what causes sunspots themselves 
and their ll|-year cycle of frequency? 
A great deal of study has been given by 
many astronomers and others to the pos- 
sibility that sunspots are caused by the 
tidal forces of the ])]anets, several of 
which are sometimes nearly in the same 
direction, as viewed from the sun. H. H. 
Clayton has recently published such a 
study. He finds that these planetary 
periods almost coincide with periods of 
variation in the sun’s heat, as published 
in Volume 6 of the Annals. 

But I will not pursue this clue further. 
I will add only that weathermen have 
found that the ll.Vyear sumspot cycle 
produces corresponding periods in tem- 
perature and rainfall. Curiously enough, 
however, I did not find it a period of 
fluctuation in the sun’s heat, as reported 
in Volume 6 of the Annals^ but L. B. 
Aldrich has recently found a curious evi- 
dence there of its presence. It is well- 
known that sunspots are like machine 
guns, in that they bombard space, includ- 
ing, of course, the earth, with electric 
ions. This bombardment is very active 
at times of maximum numbers of sun- 
spots. It is also well-known that electric 
ions, which in our atmosphere, besides 
reflecting radio waves around the earth 
so that we get programs from great dis- 
tances, in addition act as centers of con- 
densation for the water vapor of the at- 
mosphere and so promote cloudiness, and 
doubtless also rain. Clouds, of course, 
also alter tempeimtures. So in this way, 
the 11-J-year sunspot cycle becomes a 
weather cycle and must be added to our 
group of fourteen. There are thus at 
least 15 solar periods, likely to be of some 
importance for weather. 

(To he concluded) 


SUNSHINE AND THE ATOMIC BOMB 

By WILLIAM T. SKILLING 


To COMPAKE the atomic bomb with any- 
thing* so gentle as sunsliine seems absurd. 
Why not use a tliiinderstorm as an illus- 
tration if we are seeking one in nature ? 

But there are several arguments in 
favor of our title. In the first place, the 
actual amount of energy set free in the 
most violent lightning flash is small com- 
pared with the snnts heat energy falling 
on the earth, the equivalent'of 1.5 horse- 
power per sciuare yard of surface. If 
all the heat of sunshine could be con- 
verted into work, the total work would 
be greater than could be done by all the 
horses that would have room to stand 
comfortably on the earth surface. A 
bolt of lightning may be very destruc- 
tive instantaneously over a small area. 
Its duration is so brief, however, that 
when its force is spent, and its energy 
has been measured as well as scientists 
can measure so sudden a phenomenon, it 
is found that the total work that can be 
done by this much electricity is no more 
than could be done by the warmth fall- 
ing on a square yard of the earth 's sur- 
face in a day of bright summer sunshine. 

Back of the power of the great ex- 
panding wave of heated air that seared 
and blasted to bits the city of Hiroshima 
there was an amount of energy let loose 
within the bomb greater than had ever 
been released on earth before from so 
concentrated a source. The reason for 
this lies in the fact that the detonator 
of the bomb opened a tap that turned 
on a flood of nuclear energy always be- 
fore held back by the ^ ^binding force' ’ 
of the nucleus. Out of the explosive 
material in the *bomb came power equal 
to all that could have been generated by 
burning nearly 3,000,000 times its weight 
of coal. And even in this explosion only 


1/1,000 part of the total nuclear energy 
of the atom was released ! 

"We have seen photographs of the vast 
cloud that shot up to a height of 40,000 
feet at the exi:)losion. But this would 
seem like a toy demonstration of force 
if compared with similar outbursts on 
the surface of the sun (Fig. 1). The 
tremendous inner energy of the sun 
keeps its surface constantly boiling up 
with great bubbles of white-hot gas 
called ^‘rice grains," or ‘"granules" 
(Fig, 2), each as large as any of the 
states in the Union. Sometimes there are 
ejected immense cloudlike masses of 
gas called “prominences." These are 
often as extensive at their base as the 
size of the earth, and usually rise to a 
height of some 30,000 miles, or may go 
on up to 500,000 miles, with velocities 
ranging from a few miles to more than 
100 miles a second. The energy back 
of all such activities on the sun is from 
a source similar to that from which 
comes the power of the atomic bomb. 

The fundamental quality of the bomb 
that links it with the sun rather than 
with a lightning flash or an explosion 
of TNT is that its energy comes from 
changes in the deep interior of the atom, 
not from its surface. Electrical energy, 
including lightning, comes from the 
loose, outer electrons of the atom. The 
sun^s heat and the force that explodes 
the bomb come from the dense inner core 
of the atom, called the nucleus, which 
occupies no more than 1/10,000 part of 
the atom's size. Lightning and fire 
both result from a reshuffling of the elec- 
trons that circulate around the nucleus 
as planets go around the sun. The elec- 
trons in no case constitute more than 
1/1,800 of the atom's weight, and their 
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Mount WUBOn voHvrvaiory 

FIG. 1. A SOLAR PROMINENOE, 140,000 MILES HIGH 

THE RELATIVE SIZES OF SUN AND EARTH ARE INDICATED BY THE SUN^S CURVED SURFACE AND THE 
WHITE DISK, REPRESENTING THE EARTH, WHICH APPEARS AT THE BilGHT OF THE SOLAR PROMINENCE. 


ability to produce energy is a far smaller 
proportion than that in comparison with 
the energy that might come out of the 
nucleus wdth which they are associated. 

Nuclear physics is a new science. The 
earliest successful attempt to make any 
change in the nucleus dates back only to 
1919, when Sir Ernest Rutherford, of 
England, bombarded nitrogen atoms 
with particles flying naturally from 
radium, and changed some of the nitro- 
gen atoms into those of oxygen. Since 
then artificial means have gradually 
been developed for speeding up the 
atomic particles to such velocities that 
nuclei struck by these flying missiles are 
broken. Electricity and magnetism are 
employed to give speed to the particles 


and to guide them against their target. 
These methods have reached their high- 
est point of success in the atom-smash- 
ing cyclotron of Ernest Lawrence, at the 
University of California. 

With the aid of an instrument called 
a mass spectrograph, experimenters 
found that when the nucleus of one 
atom was changed into that of another 
the weight of the newly formed atom 
w^as sometimes less than the total weight 
of the parts from which it was made. 
Two and two did not make four, but 
something less than four. The long- 
standing law of conservation of mass 
went out of date. In its place a new law 
emerged, namely, that if matter thus 
seems to be destroyed, enough energy is 
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produced in tlie process exactly to make 
up for the matter lost. 

Long before this could be demon- 
strated experimentally Einstein had, in 
1905, announced on theoretical grounds 
that if a mass of matter could be con- 
verted into energy, the energy produced 
must be equal to the mass destroyed 
times the square of the velocity of light, 
or jB = mc^, where E is the energy set 
free, m the mass of matter lost, and c 
the velocity of light. (Ergs of energy, 
grams of mass, and centimeters per sec- 
ond are the units employed in the equa- 
tion.) This equation forms the basis for 
all work involving atomic changes, such 
as work having to do with the atomic 
bomb. 

Although it was not until the end of 
1942 that scientists learned how to han- 
dle the atom in such a way as to liberate 
more energy than they had to put into 
the process of generating it, they had 
long before settled definitely upon the 
theory that atomic changes, accompanied 
with loss of weight, must be the source 
of the sun’s heat. Thus the faint hope 
was held out to them that tliey might 
sometime devise a terrestrial method of 
imitating solar efScieney. 

During the twenties and thirties there 
waged a lively discussion as to whether 
in the sun the whole of matter is being 
annihilated as such, and energy substi- 
tuted for it, or whether certain atomic 
changes may be proceeding steadily, in- 
duced by such a temperature as the sun 
is known to have, which would reduce 
the weight of the reacting substancers 
enough to furnish sufficient heat. 

Sir Arthur Eddington leaned toward 
the annihilation theory for a timej it 
seemed i*easonable in view of the suppo- 
sition that matter is essentially electrical 
in nature. Eddington reasoned that if 
a proton, the nucleus of the hydrogen 
atom, is nothing but a charge of positive 
electricity, and if an electron is an equal 
negative charge, the two chancing to 



Mount Wilson Observatory 
EIG. 2. SURFACE OF THE SUNi 
MAGNIFIED 700 TIMES TO SHOW THE GRANULES. 


meet in a head-on collision might come 
into such close contact as to neutralize 
each other. As far as matter is con- 
cerned, this would be annihilation; but 
in place of the matter there would ap- 
pear radiant energy, E = which 
would be in the form of exceedingly 
short and energetic electromagnetic 
waves, very much shorter and more pene- 
trating than X-rays. 

The fly in the ointment of this theory 
was that physicists had never observed 
any cases of annihilation even on a small 
scale in the laboratory. In support of 
the alternate theory of partial loss of 
mass, there had been observed atomic 
changes in which the newly formed prod- 
ucts weighed less than the sum of the 
separate paints. 

Since the element helium is composed 
of atoms that weigh almost exactly 4 
times as much as an atom of hydrogen, 
it could be very naturally assumed that 
an atom of helium is, indeed, 4 atoms 
of hydrogen that have in some unknown 
way been united. For a decade or so 
the sun’s heat has been attributed to 

1 Pi'om Surij Moon and Stars by W. T. Skilling 
and R. S. Richardson, Whittlesey House (Mc- 
Graw-Hill), 1946. 



214 


THE SOIENTIEIC MONTHLY 


some such change as this taking place. 
The atom of helium weighs less than 4 
atoms of hydrogen by an amount equal 
to 1/140 of the hydrogen supposedly 
forming it, and this lost mass must be- 
come energy. The facilities of the nu- 
clear physicist, including the mass spec- 
trograph for accurately weighing atomic 
particles, have shown that many atomic 
changes do occur involving loss in mass, 
but in most cases much less loss than the 
hypothetical one mentioned above. 

Eegardless of whether complete or 
partial destruction of matter is the 
source of the sun’s heat, the amount of 
such ‘‘fuel” needed to replenish the 
sun’s constant loss of heat seems at first 
a little disturbing. Basing estimates on 
the fact that at the earth ’s distance from 
the sun each square centimeter of cross- 
section receives 2 gram calories of heat 
per minute, it is easy to compute how 
much matter would have to be destroyed 
to furnish this much radiation in all 
directions from the sun constantly. The 
staggering result is that it would take 
4,200,000 metric tons (4,620,000 of our 
ordinary tons) per second. But what 
seems on the face of it so alarming van- 
ishes as a menace, for the mass of the 
sun is so great that even at this rate of 
consumption it would be 150,000,000,000 
years before 1 percent of its mass would 
disappear. 

By 1939 so much information had been 
accumulated as a result of laboratory 
experiment that it became possible to say 
with a good deal of assurance that quite 
a nxxmber of atomic changes should be 
possible at the center of the sun, under 
the influence of its temperature of 20,- 
000,000 C°. Yelocities up to 500 miles 
a second would be induced in atomic 
particles, and their mutual bombard- 
ment would be sufficient to change some 
kinds of atoms, though not all. In that 
year H. A. Bethe, of Cornell University, 
announced a series of possible atomic 
changes, the sum total of which would 


be exactly equal to the very improbable 
chance of uniting 4 atoms of hydrogen 
to form 1 of helium. His series, known 
as the ‘ ‘ carbon cycle, ’ ’ is represented in 
Figure 3. The cycle begins and ends with 
a carbon atom — alienee the word ‘ ‘ cycle ’ ’ 
— and consists of collisions of 4 hydrogen 
nuclei with the carbon nucleus and its 
successive products, and, in addition, 2 
products changing radioactively without 
the necessity of collision, these being un- 
stable particles. 

At each of the six steps there is a 
slight, but differing, loss of mass and a 
corresponding production of energy. 
The final product is helium and an atom 
of carbon like the one with which the 
cycle began. The net loss of mass is the 
difference between the weight of 1 helium 
atom produced and the weight of 4 atoms 
of hydrogen used up. The total pro- 
duction of energy may be computed step 
by step ; or, for convenience in comput- 
ing, the six steps may be united in one, 
going directly from hydrogen to helium 
— it makes no difference. 

Knowing that atomic energy of some 
sort must be the source of the sun’s 
amazing output of heat has been an in- 
centive and an encouragement for scien- 
tists to make every effort to release some 
of this boundless store for terrestrial use. 
Simple computations based on Einstein’s 
relativity equation E = mc^ show that if 
all the energy of a pound of any kind 
of matter could be released it would be 
equivalent to a fabulous total that can 
be expressed as 15,270,000,000 horse- 
power hours, or 11,400,000,000 kilowatt- 
hours, or 21,500,000,000,000 gram calo- 
ries, whichever kind of unit seems 
preferable to the reader. 

The sun, according to Bethe ’s carbon 
cycle, uses 1/140 of this total amount of 
mass in changing hydrogen into helium. 
The atomic bomb makes use of only 
1/1,000 part of the total in changing 
uranium into the lighter elements, but 
even this available proportion produces 
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an amazing output, as may be seen by 
removing three ciphers from each of the 
above total quantities. Perhaps the 
most comprehensible illustration of the 
amount of energy resulting from the 
fissioD of a single pound of uranium 235 
or of plutonium is to say that it is equal 
to the heat produced by the burning of 
2,700,000 pounds of coal! 

The five years of experimentation 
that led to the atomic bomb dealt with 


entirely diiferent kinds of atoms from 
those the sun uses, but in the bomb as 
well as in the sun the process is one of 
making changes of one atom into another 
with an accompanying loss of mass and 
a corresponding liberation of energy. 
Instead of using the atom of hydrogen, 
the lightest atom, as the sun appears to 
do, on the ^‘Manhattan Project,^’ as the 
great cooperative experiment on releas- 
ing atomic energy was, for secrecy, 
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Diagram hg W. T. SMlling 

FIG. 3. THE '^OABBON CYCLE OF CHANGES WITHIN THE SUN 


ACCORDING TO BETHE, AN" ATOM OF HYDROGEN COLLIDES WITH ONE OF CARBON CHANGING IT SUCCES- 
SIVELY INTO VARIOUS ISOTOPES OP NITROGEN, CARBON, AND OXYGEN, AND FINALLY BACK AGAIN INTO 
ORDINARY CARBON AND AN ATOM OF HELIUM. AT EACH OF THE SIX STEPS OF THE CYCLE ENERGY IN 
THE FORM OF SHORTER-THAN-X-RAY RADIATION (GAMMA RADIATION) IS EVOLVED. THESE SHORT WAVES 
OP ENERGY ARE CHANGED TO THE LONGER WAVES OP HEAT AND LIGHT BEFORE REACHING THE SURFACE 
AND ARE RADIATED OUT PROM THE SUN. THE amount OF ENERGY (HEAT) IS POUND FROM THE EQUA- 
TION THE MASS LOST, m, IS THE DIFFERENCE BETWELEN THE WEIGHT OP THE ^^PUEL^^ 

(HYDROGEN) AND THE '' ASHES (HELIUM). TWO OF THE STEPS (2 AND 5) ARE AUTOMATIC, 

AND 0^ BEING NATURALLY RADIOACTIVE. THE POSITIVE ELECTRON, e+, UNITES IMMEDIATELY 
WITH A NEGATIVE ELECTRON AND BOTH ARE '^DESTROYED”; THAT IS, CONVERTED INTO ENERGY. 
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called, the workers used the heaviest of 
all atoms, that of uranium. They 
selected this because it is naturally so 
unstable that it constantly changes with- 
out any assistance at all into a succes- 
sion of other atoms until the final prod- 
uct is lead. They chose it also because 
recent experiments had shown that in 
uranium there is a small admixture of 
especially explosive material. 

An important incident that helped to 
touch off the greatest scientific adventure 
of all time was a visit, in 1939, of Niels 
Bohr, the father of the modern theory 
of the atom, to Albert Einstein at Prince- 
ton. Prom Europe he brought word 
of a remarkable new development in 
atomic science. During the previous ten 
years the behavior of atoms had been 
receiving close attention in various coun- 
tries by physicists, represented by such 
well-known persons as Eutherford and 
Chadwick in England, Enrico Permi in 
Italy, Joliot and Irene Curie in Prance, 
Otto Hahn in Germany, and Arthur 
Compton and Ernest Lawrence in the 
United States. Bohr, on his arrival, 
reported to his scientific friends that 
Otto E. Frisch and Lise Meitner, Jewish 
refugees from Germany, had told him 
that Prisch had split the atom of 
uranium by bombarding it with the very 
penetrating atomic particles called neu- 
trons, and that Otto Hahn, of the physi- 
cal laboratory in Berlin, had identified 
one of the products of the ‘‘fission’’ as 
barium atoms, which weigh somewhat 
less than half as much as the atom of 
uranium. (Always before the products 
of atomic change had been atoms not 
very different in w^eight from the atoms 
from which they were made.) Miss 
Meitner, of the Berlin laboratory, had 
computed the enormous energy of such 
a fission, and suspicion A¥as at once 
aroused among all scientists w^ho knew 
of the matter that in this direction lay 
the looked-for road to the liberation of 
useful quantities of atomic energy. 


Many scientists were now convinced 
of the possibility of finding a w^ay to 
secure atomic energy. They took the 
initiative in awakening an interest in 
Washington and in military circles. 
President Eoosevelt w^as quickly respon- 
sive and secured a small appropriation 
to have the work started. Dr. Vannevar 
Bush, then Chairman of the National 
Defense Eesearch Committee, Jed in the 
organization of the scientific wmi*k, and 
Bx'igadier General L. R. Groves wu,s later 
placed in charge of all army activities in 
connection Avith the ]n*oject. 

A compelling motive for haste was the 
knowledge that Germany had at least an 
even start with ns and was trying to 
add atomic bombs to her other “secret 
weapons.” The work began in 1940 and 
culminated in 1945, resulting in the 
building of two new cities, one of 60,000 
inhabitants on the Columbia River in 
Washington, the other in Tennessee. An 
experimental laboratory, said to liav(‘ 
been the best-equipped in the United 
States, was also established in the desert 
wilds of New^ Mexico. The cost of the 
project amounted to $2,000,000,000. 

The atomic particle called a neutron 
requires special attention in the discus- 
sion of atomic energy, for it lias played 
a most important role in this whole five- 
year project. Although the neutron is 
one of the three fundamental particles 
that form all nature, neutrons were not 
knoAvn as particles until 1932, when they 
were proved to be such by Chadwick, the 
English scientist. They had been ob- 
served first in Germany, and then ex- 
peidmented Avith in Prance, but they had 
been thought to be “rays,” not particles. 
They are similar in weight to the proton, 
the nucleus of an atom of hydrogen, but 
have no electric charge as the proton and 
the electron have. 

This neutral quality gives the neutron 
power to insinuate itseif into the heart 
of the atom. If charged particles are 
used for bombarding atoms they are re- 
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pelled by other simihirl.y eliarg'ed par- 
ticles that are their target. But the 
neutron’s Jack of charge makes it hard 
to control; it cannot be speeded up by 
electric force nor guided by a magnet. 
To slow it down it must be passed 
through some light substance — ^graphite 
was used in work leading to the bomb. 
The neutron goes straight ahead until 
it collides with the nucleus of an atom. 

Uranium was made the target for such 
bombardment by neutrons. Its atoms 
are the heaviest and most complex, and 
are naturally radioactive. Uranium, like 
nearly all elements, is made up of more 
than one kind of atom; the kind in 
greatest abundance in uranium has an 
atomic weight of 238, but one atom in 
about 140 is a lighter one weighing 235. 
It is this slightly lighter variety (iso- 
tope) of uranium that is ^‘fissionable,” 
that can ’be exploded. If the U-235 
could be separated from the U-238 it 
would be ideal for use in the bomb, but 
since these isotopes are so nearly of the 
same weight, separation on a large scale 
is almost impossible. Chemical means 
cannot be used to separate them for, like 
all isotopes, they are chemically identi- 
cal. 

Fortunately, exi^eriments with ura- 
nium both before and after the bomb 
project was begun led to the knowledge 
that it is possible to convert U-238 into 
a different element, as explosive as U-235. 
This was named plutonium. Being dif- 
ferent chemically from uranium, plu- 
tonium can be readily separated from 
the unchanged metal. The making of 
plutonium is a major part of bomb con- 
struction. Great ovens, or ‘ ‘ piles, ’ ’ made 
of graphite bricks, were used to change 
the huge slugs of uranium metal into 
plutonium. 

Neutrons exist in the nuclei of atoms 
and are secured for use and given their 
motion by knocking them out of these 
nuclei with bombardment of some sort. 
On a small experimental scale, the most 


common way is to mix radium with the 
metal beryllium and let the particles 
coming off from the radium drive neu- 
trons at high speed out of the beryllium. 
The neutrons become the bombarding 
particles to split uranium 235 and lib- 
erate energy. 

For large-scale production of atomic 
energy what is called a “chain reaction” 
is set up, and uranium itself serves both 
as a source of neutrons and as a target 
to be bombarded by its own neutrons. 

If uranium were made entirely of 
U-235 any large quantity of it would 
explode spontaneously, but in the small 
concentration of only 1 atom to 140 
atoms of the nonexplodable kind, it is 
only split atom by atom. To get any 
large quantity of it to undergo fission, 
the action in the mass must be self-per- 
petuating. It must be made to go on as 
a fire does, when once lighted; the fire 
does not go out when the match is re- 
moved. Such an action that, once 
started, is independent of any outside 
influence is called a “chain reaction.” 

Two conditions are necessary to set 
up a self-perpetuating chain reaction in 
uranium : the high-speed neutrons must 
be slowed down to a lower rate, called 
“thermal velocity”; and there must be 
a large enough mass of uranium so that 
the flying neutrons will be so well-sur- 
rounded with it that not many of the 
neutrons will escape without hitting a 
nucleus. Neutrons of moderate speed 
will make a larger proportion of hits; 
passing through graphite before coming 
to uranium slugs slows the neutrons. 

The first chain reaction of this sort 
ever set up was in a graphite pile con- 
taining 6 tons of uranium on the campus 
at the University of Chicago, December 
2, 1942. This first feeble “atomic fire” 
threw off energy at the slow rate of only 
.5 watt; and, though this rate of action 
was in a few days raised to 200 watts, 
this pile would have had to be kept in 
operation for 70,000 years to yield 
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enough plutonium to make one bomb. 
But this experimental pile was soon suc- 
ceeded by the mammoth plutonium plant 
on the Columbia Eiver. 

The graphite piles are built with open- 
ings running through them. In these 
openings are placed the slugs of ura- 
nium, sealed in aluminum cans to keep 
them dry, as water runs through the 
pile to prevent overheating. Neutrons 
strike the uranium atom and are ab- 
sorbed, thus increasing the weight of the 
atom, but it is still uranium, for the 
charge on its nucleus has not been 
changed. Then the nucleus gives off 
automatically 2 negative electrons and 
this does change its charge, raising it 
by 2, because the loss of negative charge 
is equivalent to an increase of positive 
charge. It is now a different element, 
Number 94, never existing before, and 
is given the new name, plutonium. Oc- 
casionally the uranium, now containing 
a little plutonium, is removed automati- 
cally from the pile and dissolved. Theti 
the new element can be separated chemi- 
cally from the uranium. 

The piles must not work so fast as to 
explode. Strips of cadmium or steel 
containing boron are pushed into slots 
in the pile if action is dangerously fast, 
for these absorb some of the neutrons, 
which act like sparks in spreading the 
^‘atomic fire.” If action is too slow, the 
strips are drawn out so that more of the 
neutrons will act upon the uranium. 
These strips serve a purpose similar to 
that of the thermostat in an oven. All 
such operations are either automatic or 
are performed at a distant instrument 
board, where the men are well-protected 
from the harmful rays and particles that 
are always thrown off in atomic changes. 

Naturally the details in regard to the 
construction of the bomb have been with- 
held for reasons of security in the report 
authorized by the War Department and 


prepared by Dr. Henry D. Smyth, one 
of the scientists on the project. One dif- 
ference between plutonium production 
and bomb production is that slow-speed 
neutrons are used in the former and 
high-speed ones in the latter. This is so 
that all particles in the bomb will be 
acted upon before they are blown too 
far apart for complete explosion to take 
place. 

It is believed that within the bomb 
the explosive is stored in separate com- 
partments, each portion so small as to 
be below the critical mass” necessary 
for a chain reaction to be set up. Then 
to detonate the bomb it would be neces- 
sary only to bring these separate masses 
very suddenly together so that the mass 
will be above the critical quantity re- 
quired to touch off the chain reaction. 
The igniting neutron sparks could be 
furnished by the presence of a little 
radium and beryllium, or the few neu- 
trons always present in uranium. Even 
cosmic rays could serve as the igniting 
spark. 

What can be said at this time of the 
future use of atomic power? Since that 
day in December 1942, when the first 
chain reaction was set up among the 
atoms, it has become evident to scientists 
that some future use of nature's greatest 
storehouse of energy is inevitable. 
When it was found that only a part of 
the liberated energy was necessary to 
make the process continuous and auto- 
matic, it could be easily seen that the 
rest of the power might be harnessed to 
do some useful work. Though this frac- 
tion of the atom's total potential energy 
that is over and above the fraction neces 
sary for the automatic continuation of 
the process be ever so small, it becomes 
a matter of mere technique to increase 
the available fraction, as has been so 
abundantly shown since that first feeble 
display in 1942. 
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While Professor Comstock, as herein- favorite. She attended many social 
before noted, in addition to teaching functions, taking her husband along 
large classes, was doing many things for when she could get him to go, and under- 
the promotion of interest in entomology, standingly leaving him behind when she 
Mrs. Comstock was also doing things on (*ouldn’t. 

the side. She had married before the She was keeping a diary, which be- 
completion of her college course, and came much more than a record of events, 
now she wanted to finish it. She man- It told a story of high-brow social life 
aged to take a few courses in her spare in the nineties with a university back- 
time and to graduate from Cornell in ground. Condensed here and expanded 
1885. She entered into the social life there, it was published as a novel in 
of the faculty, where she was a great 1906 under the title Confessions to a 
* Continued from page 150 of preceding issue. Heathen Idol, by Marian Lee. A pseu- 
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donym was used on the first printing, 
she said, because it would by some be 
considered ^‘scandalous” that she should 
write a novel, and ruinous to her scien- 
tific standing. Comstock had read the 
manuscript, but had offered no assurance 
of success beyond the qualified endorse- 
ment: “For people who want this sort 
of thing, it is just what they want.” A 
second printing was called for, however, 
by the public, and that one 'was made 
under her own name. No one can read 
Confessions without finding in its kindly 
philosophy and gentle humor a new un- 
derstanding of the reason for Mrs. Com- 
stock’s social influence. 

Mrs. Comstock meanwhile began the 
study of wood engraving. She was pre- 
paring to make suitable illustrations for 
her husband’s projected textbook. For 
several years, while he was piling up 
manuscript, she was practicing with her 
engraving tools, gaining skill with prac- 
tice and getting what guidance she could 
in Ithaca. Then she w^ent down to 
New York City and to Cooper Union for 
six weeks of special training under the 
master-artist, wood engraver John P. 
Davis. Her work there won warm ap- 
proval, and she was later elected to mem- 
bership in the American Society of 
Wood Engravers. 

From studying with Davis, she re- 
turned to the extended task of preparing 
the choice engravings that distinguish 
Comstock’s Manual for the Study of In- 
sects. 

In the year 1889-90 Comstock got his 
first full-time assistant, Mark Yernon 
Slingerland. He was a cousin of Mrs. 
Comstock and came from her home 
county. He had entered the college as 
a Freshman two years before, knowing 
nothing whatever about entomology. Out 
of curiosity to see what his cousin’s bug- 
chasing husband was like, he attended 
one of Comstock’s lectures. The subject 
chanced to be the life history of a butter- 
fly. Slingerland had not known before 
that butterflies come from caterpillars, 


or that they have an intermediate pupal 
stage in their life history. He found the 
subject of absorbing interest and then 
and there decided that he wanted to 
study entomology; and he studied with 
such zeal and success that he won ap- 
pointment to an assistantship in that 
subject while he was still an undergradu- 
ate. 

SlhigerJand’vS interest in insects ran to 
the applied side. He was quick to see 
that insect control depends first of all 
on knowledge of their life histories and 
habits. He soon made a name for him- 
self by the work that he did in that field. 
He took over the undergraduate course 
in economic entomology and a large 
share of the work on insects in the Agri- 
cultural Experiment Station. He w^as 
made an instructor in 1890 and an as- 
sistant professor in 1907. 

Slingerland took to insect photography 
like a duck to w^ater. When I knew him 
he almost lived in the insectary with, that 
big, old long-bellows camera. He went 
to the new insectary with it, stayed with 
it, all but slept with it; and it became 
the instrument of his chief contributions 
to economic entomology. 

I shared an office with him in the head 
house of the insectary in the summer of 
1897 and saw him at work. He wms out 
in the greenhouse taking pictures, or out 
in the field after subjects for more pic- 
tures, most of the time. ITe loved to pho- 
tograph insects: whole insects; insect 
eggs; larvae; pupae; insects on their 
food plants, in their burrows, in their 
cocoons ; singly, in pairs, and in swarms. 
And he wrote his bulletins around his 
superb photographs. I never knew an- 
other man so wholly devoted to one pur- 
suit. 

He set a new standard in entomology 
for fine photographic illustrations. He 
built up a collection of lantern slides 
that was the best in his day, and that 
will long continue in service. 

The next addition to the teaching staff 
of the Department was made in 1896 



THE LENGTHENED SHADOW 


221 


when Alexander D 3 ^er MaeGillivray was 
made an instructor. 

MaeGillivray was a mild-mannered 
man of very youtlifnl appearance, blue- 
e^^ed, slightly stooped, quiet, industrious, 
and able. He took charge of the labora- 
tory in Comstock’s introductory course 
in general entomology. He was very 
kind and helpful with students, but also 
very rigorous in demanding full com- 
pliance with the requirements established 
for that course. Comstock called him 
‘^an excellent drillniaster. ” 

While Slingerland w^as building up a 
great collection of negatives and lantern 
slides for the Department, MaeGillivray 
\vas building up its insect collection. He 
•was a good systematic entomologist ; 
knew the insects of all the orders; col- 
lected diligently at every opportunity; 
pinned, labeled, named, and arranged 
his specimens with great care. He had 
a wondei’fiil eye for species and could 
remember their characteristics and name 
them at a glance. 

Some of his best collecting was done 
from the freshly gathered material that 
students brought in from their field 
trips. He had to supervise the work of 
students in determining their catch, and 
whenever an insect appeared that was of 
a species not represented in the Cornell 
collection, he spotted it immediately, and 
begged or traded with the student for it 
{he always got it) and added it to the 
departmental collection. Thus the col- 
lection grew apace. 

Comstock chafed a bit under the 
necessity of teaching entomology during 
the long winter season, while unable to 
hold classes in the summertime when the 
major phenomena of insect life are avail- 
able for study; so, as soon as he could, 
he made a shift in his own time schedule. 
He established a summer term in ento- 
mology and took his own vacation during 
the winter term. His summer course 
then stood alone. It invited full-time 
registrants. It soon began to attract 


teachers from other schools and colleges. 
They came to spend their summer vaca- 
tions devoting full time to the study of 
entomology under Professor Comstock. 
Thus the enrollment came to have a con- 
siderable admixture of more advanced 
students and of graduates who were spe- 
cializing in this field. 

The first winter that was freed from 
teaching by this arrangement gave the 
Comstocks a chance to go abroad. They 
spent the wdnter of 1888 at the Univer- 
sity of Leipzig in Germany. 

For the next ten winters they were 
destined to be back in the teaching har- 
ness again. Stanford University wxis 
born. President David Starr Jordan 
persuaded the Comstocks to come out to 
Palo Alto and organize a department of 
entomology there, where in a milder cli- 
mate than that of Ithaca insects could be 
studied in action all year round. It 
seemed like a good way to spend a vaca- 
tion, Dr. Jordan was a dear friend, and 
there were former colleagues from Cor- 
nell now members of the Stanford 
faculty. It was a new and hopeful edu- 
cational enterprise. A rich and little 
knowm insect fauna was waiting to be 
studied there. So they went to Califor- 
nia ; and kept on going for ten years. 

The second winter they took Dr. Ver- 
non K. Kellogg along as assistant in 
entomology, and left him there to carry 
on through the year and later to become 
head of the very successful department. 

The few entomologists who were there 
had a good time together. Dr. K. W. 

, Doane, who was then a graduate student, 
once told me some of their doings. He 
especially treasured the memory of the 
Sundays when he and Kellogg and Com- 
stock took to their bicycles and pedaled 
out into the West Hills. They knew a 
secluded little valley with a running 
stream, where spring came earlier than 
elsewhere, where many rare insects were 
to be found, and where a good farm 
housewife furnished a hot luncheon, with 
fried chicken and all the trimmings. 
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Comstock’s load of work was growing 
heavier. With classes to meet all the 
year round at Palo Alto and at Ithaca, 
with supervision of the research work of 
graduate students, with correspondence, 
and with frequent faculty duties that 
he never neglected, he found little time 
for writing. Each day was too full, and 
he himself at the end too tired to write 
effectively, so he decided to write in the 
morning when his mind was rested. He 
began the practice of getting up at 4 
A.M. each day and going to bed (except 
when duty otherwise demanded) at 8 
p.M. It goes without saying that, on a 
university campus, few would come into 
his office between 4 a.m. and breakfast 
time to interrupt his train of thought. 

After the completion of the Manual 
for the Study of Insects, Comstock went 
to work on a similar treatise on spiders. 
For his needs far too little was then 
known about the spiders of the states on 
our southern border. So he spent a 
winter in the South, collecting materials 
for this book. There he had colleagues 
in the field who helped: noteworthy 
among them were William Morton 
Wheeler at Austin, Tex., Harcourt A. 
Morgan at Baton Rouge, La., and Glenn 
W. Herrick at State College, Miss. 

The work of spiders in spinning their 
webs fascinated him. He desired that it 
should be adequately illustrated. He 
felt that its marvelous detail would be 
beyond the power of any artist’s pencil 
to portray. So he took to his camera to 
show it. He kept living spiders and ar- 
ranged suitable looms” for their use 
in spinning in order to get freshly spun 
and uninjured webs to photograph; he 
called them made-to-order” webs. 
And I can testify from personal knowl- 
edge that a prodigious lot of time, pains- 
taking preparation, and patience went 
into the making of his superb pictures 
of them. The Spider Booh was finally 
published in 1912, and took its place as 
a standard text and reference book for 
students of arachnids everywhere. 


During the winter of 1907-8 the Com- 
stocks took their first and only sabbatical 
leave. They spent most of the winter 
in Italy, Greece, and Egypt. In Europe 
they visited foreign entomological col- 
leagues: Berlese in Rome; Silvestri in 
Portici; Simon (arachnidologist) in 
Paris ; Poulton and Hampson in London, 
and others. In Belgium Comstock was 
elected to honorary membership in the 
Societe Entomologie de Belgique. 

Mrs. Comstock’s greatest work still 
lay ahead. In the agricultural depres- 
sion of the nineties, when farming had 
become unprofitable and country youths 
were flocking to the cities in alarming 
numbers, wise men were seeking some 
means of making life on the farm more 
attractive ; educational means, as well as 
economic. In the hope of interesting 
future farmers in things of value and of 
beauty in their rural environment, the 
New York State Legislature made a first 
appropriation of $8,000 for the teaching 
of nature study in the rural schools, and 
handed it over to the College of Agricul- 
ture to administer. 

This was a new kind of agricultural 
extension. Liberty Plyde Bailey was put 
in charge of it. He furthered it mightily 
■by writing and speaking, as well as by 
efficient administration. A series of 
Nature Study Leaflets for use in rural 
schools was begun at once, and to that 
series Mrs. Comstock and members of the 
faculty of the College of Agriculture 
contributed numbers. ‘'Uncle John” 
Spencer was drafted from his farm to 
deal directly with the children in schools. 
He promoted Junior Naturalist Clubs in 
the rural schools of the state until he had 
enrolled at one time more than 30,000 
m^bers. But it was Anna Botsford 
Comstock on whom fell the main task 
of bringing nature study to the teachers 
in the schools. To her, more than to any 
other person, the continuing success of 
the undertaking is due. 

She gave up wood engraving to meet 
a greater need. She wrote many nature 
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study leaflets and made the drawings for 
their illustration. She wrote notebooks 
for children's use on birds, trees, and 
familiar plants, and got competent per- 
sons to write them on other groups. She 
discussed nature study at teachers' meet- 
ings all over the state, and lectured on 
it at Cornell and at other universities,* 
at Stanford and Columbia repeatedly; at 
the University of California in 1906 ; at 
the University of Virginia in 1920 ; and 
at other educational institutions of vari- 
ous grades. 

She organized courses in the teaching 
of nature study especially for rural 
schoolteachers at Cornell University. In 
1908 she was awarded an assistant pro- 
fessorship by the trustees of Cornell — 
the first woman to attain that academic 
standing. 

Fine as was her work with a graver, 
what she did with her pen was even 
more remarkable. She wrote books ; first 
two small ones that were strictly ento- 
mological: Ways of the Six-Footed in 
1903, and How to Keep Bees in 1905. 
Then she surprised her friends by pub- 
lishing the hereinbefore mentioned novel, 
Confessions to a Heathen Idol, 1906; 
then the big two-volume Handbook of 
Nature-Study in 1911, and finally, The 
Pet Book in 1914, and Trees at Leisure 
in 1916. 

If asked to name a single one of these 
for which she would like to be remem- 
bered I think she would have chosen the 
Handbook of Nature-Study. That book 
slowly evolved out of her work on the 
Leaflets j out of her writing for the Nature 
Study Review, which she edited for 
years, and out of her experience in train- 
ing teachers of nature study. She con- 
sulted her husband, so she once told me, 
about the desirability of preparing the 
Handbook, and he encouraged her to do 
it; said he would give her any help he 
could; said it was much needed, but 
that she must not expect any financial 
returns from it, for it probably would 
never pay printing costs. So it was done 


as a labor of love and as a public service. 
Happily, he was mistaken. Its success 
was soon assured. It became, and still 
is, the one most essential reference book 
of nature study, and it is used around 
the world wherever nature study is 
taught in the English language. It is 
now (1945) in the third printing of the 
24th edition, and going strong. Such is 
Mrs. Comstock's record as a writer. 

She was raised in rank to a full pro- 
fessorship of nature study in Cornell 
University in 1920. She was given an 
honorary degree, Doctor of Humane Let- 
ters, by Hobart College in 1930. She 
became a member of the board of trus- 
tees of William Smith College and of 
Hobart. She was designated by a poll 
of the members of the National League 
of Women Voters, 1923, as one of the 

twelve living women who have contrib- 
uted most in their respective fields to 
the betterment of the world. ' ' 

When I first came to Cornell as a 
graduate student late in the summer of 
1896, the summer term had ended, but 
a few students lingered at the laboratory 
in White Hall, and Professor Comstock 
was there with them. He greeted me 
pleasantly, took me into his office, and 
proceeded at once to ask me what I had 
done in my first year's graduate work at 
Johns Hopkins University. Then he 
asked about the work in which I had par- 
ticipated earlier that summer at the 
floating laboratory of the Illinois State 
Natural History Survey. My first im- 
pression was of his alertness to what was 
going on in fields bordering on his own. 

He showed me about the Department. 
In his office two east windows looked out 
upon the green of the main quadrangle. 
Before one window stood his own plain, 
orderly desk; before the other stood 
Mrs. Comstock’s desk, equipped with 
light controls and tools for making wood 
engravings. On a table were prints and 
proofs ; also a typewriter ; on the wall, a 
hand-cranked telephone. 
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Tlie Department was up-to-date with 
Welsbacli-maiitled g‘as lights, projection- 
lantern arc light, and a darkroom 
equipped for making photomicrographs. 
In the lecture room were long shop-made 
benches, with backs so aslant that they 
caused discomfort, but with a writing 
arm for each student’s notebook. 

There was but one laboratory for stu- 
dents. It extended across the entire 
north end of the building. It was 
equipped with carp enter-shop-made two- 
drawer tables. There were no desks for 
students as yet. Graduates and under- 
graduates shared the laboratory and 
even some of the tables, for there wTre 
more students than there were places to 
seat them apart and things had to be 
shared. An unabridged dictionary stood 
in a corner on a stand of its own. Corn- 
stock recommended its constant use as 
an aid to scholarship. 

At that time Comstock, Slingerland, 
and MacGillivray were the entire stajff 
of the Department. Comstock was giv- 
ing the lectures in entomology, and in a 
course in general invertebrate zoology 
as well. MacGillivray cared for the rou- 
tine of the laboratory, saw that students 
were supplied with specimens to be 
studied, and that they did the wmrk as- 
signed. He spent all his spare time in 
building up the departmental insect col- 
lection. Slingerland was taking over a 
large share of the experiment station 
work on insects. 

Comstock was deep in his study of the 
venation of the wings of insects, but the 
only time he could claim for research 
was in the early morning hours, before 
the chimes began to call others to their 
tasks. By day the door between his 
office and the laboratory was nearly 
alwuys open. Undergraduates were not 
neglected by him ; he took a personal in- 
terest in the work of every one of them. 

There were then but five graduate stu- 
dents in the Department. They sat with 
the undergraduates in the laboratory, 
where Professor Comstock came betimes 


to see how each student’s wurk Avas pro- 
gressing, and to drop hints of excellent 
things to be learned beyond the bounds 
of the present laboratory assignment. 
He did not do any student’s work for 
him, nor did he leave him floundering 
alone when a mere suggestion of method 
or material would save his time and tem- 
per. 

Graduates were expected to take the 
lectures in the beginning course in ento- 
mology along with undergraduates, but 
even those who had studied entomology 
elsewhere found that no hardship : it 
provided further knowledge. Com- 
stock’s handling of the subject was a 
lesson in balanced organization of sub- 
ject matter, in clearness of presentation, 
and in simplicity of language. It was 
said of his lectures that ‘^his winning 
personal attitude made every student a 
sympathetic listener.” 

As my work progressed it was stimu- 
lating to have him come in to the labora- 
tory and sit down beside me and say, 
^^Now show me what you have been 
doing,” and to have him express pleasure 
in every little discovery that seemed to 
have any significance. It made me eager 
to go on. It was a treat to go afield with 
him to see the delight he took in the liv- 
ing world, especially in its insect inhabi- 
tants. He loved everything out of doors. 

Early in my first year of study with 
him, after he had invited me to Join him 
in a special study of the developing 
wings of insects, he said to me one day, 
^‘We need to know the tracheation of 
the wings of the cicada, I planted some 
17-year cicada eggs on the campus here 
sixteen years ago. If they thrived the 
nymphs hatched from those eggs should 
now be well-grown. Plow would you like 
to help me dig for some of them?” Of 
course I agreed. So we got pick and 
shovels and went out to dig together. It 
was a Saturday afternoon, and the quad- 
rangle was deserted. 

There was then a lone hickory tree 
standing near the south side of the main 



THE LENGTHENED SHADOW 


225 


quadrangle in front of Boardman Hall. 
Sixteen years before Comstock had col- 
lected twigs from other trees, well- 
studded with fresh-laid cicada eggs. He 
had placed the twigs in the boughs of 
tliat hickoiy, where nymphs on hatching 
from the eggs would fall to the ground. 
He thought they would burrow down 
and feed upon the tree’s roots. The 
long developmental period of this spe- 
cies was well-known by reason of the 
regular seventeen-year recurrence of 
local broods, but in the field of entomol- 
ogy Comstock liked to be able to speak 
from personal ex23erience. 

We dug and dug. AVe dug for two 
hours straight. We dug well down 
among the hickory roots in several places 
without finding a single cicada nymph. 
Finally, as he began to fill holes and to 
replace sods, he said: ^‘Well, weVe had 
some good exercise. The cicadas didn’t 
like my choice of a home for them. 
Something in the environment was 
wrong.” As we went back to the labo- 
ratory he added: ^‘Some of our labora- 
tory cultures also will fail, but that 
should not keep us from trying again.” 

Professor Comstock was not a one- 
college entomologist. In the middle of 
my second year of study with him, he 
made arrangements for my study in al)- 
sentia. For the completion of my doc- 
tor’s thesis I needed to study Odonata 
(dragonflies) in a larger collection than 
Cornell then possessed. Pie sent me to 
study in the Hagen collection at the 
Museum of Comparative Zoology. Be- 
sides the advantages to be derived from 
the use of that wonderful collection, I 
lived while at Cambridge in happy asso- 
ciation with the zoologists at Harvard 
University : Edward L. Mark, George H. 
Parker, Charles B. Davenport; paleon- 
tologist Tracy Jackson; and the mem- 
bers of the Cambridge Entomological 
Club. The club in that day met with 
Dr. Samuel H. Scudder in his private 
museum. I appreciated those meetings, 

Comstock desired that his students 


should know something of the men and 
the methods in other institutions as -well 
as in his own. He considered these men 
as colleagues rather than as competitors. 
He entertained no feuds over technicali- 
ties ; cherished no grievances ; was always 
ready to cooperate. He advised us who 
studied with him to respect the w^ork and 
the oilinions of others; to stick to facts 
and not to engage in argumentation. 
When a piece of research had reached 
the point of preparation for publication, 
he required strict attention to the cor- 
rectness of every statement, saying, ^'Be 
sure you are right, and then look again.” 

Aid and comfort and sound advice he 
gave me on many occasions. I cannot 
refrain from mentioning a few addi- 
tional items of a very personal nature. 
AYhen I returned to Ithaca to join the 
Cornell faculty and wus looking for a 
place to live he said to me, '‘Find a loca- 
tion where your family will have con- 
genial neighbors with like interests.” 

A little later he said, ‘‘It you like 
golf, the local country club would wel- 
come you to membership. I joined to 
help a new local enterprise get under 
w^’ay, but I don’t play golf often. I find 
trips afield after insects more interest- 
ing. The last time I figured up accounts 
I found that my golf was costing me $18 
a hole.” 

When I had been selected by the New 
York State Museum officials to set up a 
field station for the study of aquatic in- 
sects ill the Adirondack Mountains, he 
said to me, 'HTow fine it is to get paid 
for doing what you would be doing with- 
out pay for fun and by iDreference.” 

After receiving my doctor’s degree 
from Cornell University in 1898, I went 
to Lake Forest College as Professor of 
Biology, and remained there for eight 
and a half years. During that time there 
was steady growth in the Department 
of Entomology at Cornell, and improve- 
ment in its equipment. There were four 
members of the teaching stafl. William 
A. Riley had come on a fellowship in 
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1898 and had been made an instructor in 
1901, A new course had been established 
in insect morphology, and in that course 
he had a large share. The Department 
was just leaving its outgrown quarters 
in White Hall for new and larger ones 
in Koberts Hall on the adjoining Agri- 
cultural College quadrangle. 

In 1907 I returned to join the staff of 
the Department as Assistant Professor 
of Limnology. It was given to me to 
initiate a new course of university in- 
struction, and to break ground in a little- 
developed field. I count myself as very 
fortunate in having had Professor Corn- 
stock for my sponsor. He prepared the 
way for me. He persuaded Jared T. 
Newman, an honored and farsighted 
trustee, to give the University land at 
the head of Cayuga Lake for a biological 
field station. Liberty Hyde Bailey, then 
Dean of the College of Agriculture, 
provided a station building. Delavan 
Smith, of Lake Forest, 111,, a public- 
spirited friend, provided initial equip- 
ment and support. The need of both 
teaching and research in the undeveloped 
resources of our inland waters was rec- 
ognized without argument by these men. 

My own special field of limnological 
research was to be the biology of fresh 
water insects, and that justified my 
placement in a department of entomol- 
ogy. The wet land and its open waters, 
being a part of the land in whose animal 
population aquatic insects play a very 
large role, made desirable the alignment 
with a college of agriculture and an agri- 
cultural experiment station. 

On the northwest corner of the second 
floor in Roberts Hall there was an excel- 
lent classroom that I was assigned for 
work in limnology. My first class num- 
bered six students, four of whom later 
became my colleagues on the Cornell 
faculty; Hugh Daniel Reed, Albert 
Hazen Wright, Arthur Augustus Allen, 
and J ohn Thomas Lloyd. Lloyd became 
my assistant. Later, as Instructor in 
Limnology, he joined me in authorship 


of a textbook for the course, The Life of 
Inland Waters (1916). Professor Corn- 
stock gave our work in limnology whole- 
hearted support. 

His department was run with economy 
and true efficiency. In all his relations 
with his helpers, from janitors to assis- 
tant professors, Comstock ^s method was 
to assign the work to be done, arrange 
fit conditions for doing it, and then keep 
out of the way. He didn’t ask for re- 
ports at stated intervals; he asked only 
for reasonable accomplishment. 

He was a bit short-tempered with any 
who shirked. Dr. Robert Matheson re- 
lates that one morning he entered White 
Hall with Professor Comstock, who, on 
going into his office, found his waste- 
basket full of paper scraps left over from 
the work of the day before. The janitor 
had neglected to empty it. Comstock 
seized the basket, carried it out into the 
hall and dumped the contents down the 
stair well, scattering them all the way 
down to the basement. Then he re- 
marked casually that he had reminded 
the janitor often enough — perhaps he 
would now remember the wastebaskets. 

Retirement from teaching service 
meant for Professor Comstock a golden 
opportunity to put the results of his 
lifelong studies into final form. He kept 
his office in Roberts Hall, and went in 
and out daily, setting a good example of 
productive scholarship to all the Depart- 
ment. First he completed a book that 
was a summary of work in his own spe- 
cial research field, The Wings of Insects 
(1918). A leading British entomologist 
said that Comstock’s work in this field 
was the greatest contribution to knowl- 
edge of entomology in half a century. 
Then he put together another larger 
book that embodied the subject matter 
of his basic course, An Introduction to 
Entomology published in 1920. 

It has been said that many an institu- 
tion is '‘the lengthened shadow of a 
man”: the Department of Entomology 
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at Cornell University is tlie lengthened 
shadow of a man and his wife. During 
the first half-century of the University 
they were colaborers in the best sense of 
the word. Their place in its history is 
secure. 

They were a complementa] pair. He 
was short in stature, quick-spoken, alert, 
even fidgety sometimes, and always mas- 
culine. She was tall (fully his equal in 
height), slow-spoken, tactful, and gra- 
cious. They were alike in their aims 
and interests, in their spirit of helpful- 
ness toward students, in their loyalty to 
the University and to every good cause 
that needed their support. Though they 
had no children of their own, their house 
became a second home to children of 
others, and a place of happy social inter- 
course to hundreds of students. Their 
lives were devoted to sound learning and 
sane living. 

All around the world today there are 
many for whom the choicest memories of 
their college years are the evenings spent 
in the home of the Comstocks. Mrs. 
Comstock would read to them choice bits 
of poetry and prose, while her husband, 
after seeing that all were welcomed and 
made comfortable, would sit as a listener 
among them. I sat with them often. It 
seemed to me that Mrs. Comstock’s fa- 
vorites were the Quaker poet Whittier, 
the naturalist Thoreau, and the story- 
teller Kipling. But she loved all good 
literature and her readings ranged from 
Emerson’s philosophical essays to ' 'fun- 
nies.” Of the latter class, many will 
remember this one : 

A little pig with a querly tail, 

All soft as satin and pinky pale, 

Is a very different thing by far 

From the lumps of iniquity big pigs are. 

After the publication of the Manual 
and How to Know the Butterflies, their 
names ceased to appear as joint authors 
of books, but their joint interest and 
mutual help went into every book that 
either of them wrote. He was as proud 
of her achievements as she was of his. 


At the time of Professor Comstock’s 
retirement from active teaching in 1914, 
Dr. David Starr Jordan wrote: 

His marriage intensified his infiuenee in every 
way. His home became the center of nature 
study, as of human friendliness.' Scores of youth 
of promise at Cornell have owed as much to the 
personal sympathy of the Comstocks as to any- 
thing anybody taught them in school. Not one 
of them — ^men or women — ^but renders grateful 
tribute today, not to Comstock alone, but equally 
to the gifted and bighearted colleague, who, as 
helpmeet, has kept full step with him through 
all these years. 

They had many distinguished guests. 
Some were foreign scholars, visitors to 
the University, whose activities were in 
different fields. All were simply and de- 
lightfully entertained. Mrs. Comstock 
told me that they once had a British 
entomologist for a week-long guest, at a 
time when they were without hired help, 
and she was doing her own housework, 
both cooking and serving. The guest, 
wholly self-centered and oblivious to 
household affairs, put his shoes in the 
hall outside his chamber door each night 
to have them shined. Professor Corn- 
stock, knowing the English custom, 
rather than have a guest disappointed, 
took the shoes each night and shined 
them himself. 

Of their home life, I will let the two 
friends who know them best speak : 

George Lincoln Burr said: "Their 
tastes were congenial. . . . Their home, 
in which I lived for years, and which I 
knew well from our college days, was 
one of the loveliest I have ever known.” 

Simon Henry Gage said: "There was 
ever present in that home the glowing 
hearth-fire of human kindness. ’ ’ 

Now, a bit more departmental his- 
tory. In order to show, graphically and 
chronologically, the development of the 
teaching staff of the Department, I have 
prepared the accompanying tabular 
statement. My faculty colleague, Pro- 
fessor Bristow Adams, who was a friend 
of the Comstocks first at Stanford Uni- 
versity and then at Cornell, has wrought 
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me Leagtheaed Shadow of a /Aaa aad His Wife 


1872 
1874 
1876 
1878 
1880 
1882 
1884 
1886 
1888 
1890 
1892 
1894 
1896 
1898 
1900 
1902 
1904 
1906 
1908 
1910 
1912 
1914 
1916 
1918 
1920 
1922 
1924 
1926 
1928 
1930 
1932 
1934 
1936 
1938 
1940 


John. Henry Comstocic 1849 -1931 
Anna Botsford 1854-1930 

Begaa with a 2-hour spriag-term course 


of "Lectures aad Field Work in Entomology" 


/Aar Tied, 

^ ^ Entomologist of the Uruted States Department of Agriculture 
Became Professor of Entomology aad Invertebrate Zoology 


/A.V Slingerland, hisfirst full-time Assistant iaEatomology 
A.D. /AacGill IV ray 


W. A. Riley 


. . . J.C. Bradley 

1..,. J^G. Needhanrt, C.R. Crosby 

7 I 


/Aatheson, G.W. Herrick, J.T. LloycL 


G.C. Embody 

O. A. Johannsen 


W. T, /A. Forbes 


P.W. Claassen 
H. Dietrich- 


G.H. Griswold 
E.F. Phillips 


.G.f./^cLeod.V-S.LPate 

.W E. 8 1 auve 1 1 , W. A.Raw 1 i n s 


.CLF^lra 


P.A. Readlo, T.C. Watkins 
‘ ' D..LCpllIns, RW.Leiby. C/A./Aottley 

' dH. Schwardt 

L. Patton 


jy 


\ Winter term at Stanford University 
Deceased § interrupted service 


head of department 


Emeritus 
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it into acceptable form for presentation. Albert H. Wright. These two are omit- 
Perhaps I may be allowed to call it a ted from the shadowgraph because their 
shadowgraph because of its special func- work was in no part entomological. As 
tion ; it slants like a shadow from the head of the Department when they were 
two great founders. It will serve as a in it, I want to say that I was very proud 
condensed record for the first 68 years of the work done by these two colleagues 
of the University, with names and dates and their helpers, both in teaching and 
of entrance of the principal members of in research. The temporary association 
the staff of the Department down to the was a happy one. 

year 1940. There is no need that I should write 

It shows at the top the long initial of the work of my fellow-teachers who 
period of struggle for recognition, while have come into the Department in my 
as yet entomology had no place in uni- own time. That is recent history. With 
versity curricula. It shows that for new men have come new courses of in- 
nearly half of the years of his teaching struction : medical entomology, aquicul- 
service Comstock was without a single ture, insect ecology, insect embryology, 
paid assistant. These were years of slow etc. Increase of knowledge has brought 
and steady progress. After them came specialization. The work in applied en- 
a period of rapid expansion of the De- tomology has been greatly expanded^ its 
partment, with belated recognition of tasks differentiated. There is not space 
the service that Comstock was rendering, to speak of the work in extension, or of 
The public was beginning to learn the the great changes in the field of economic 
importance of insects in agriculture and entomology; of the new methods and 
in public health. No one of intelligence shifts of emphasis accompanying better 
now scoffs at the study of insects, knowledge of insect physiology and new 
Greater financial support was coming to discoveries in insecticides, 
the agricultural colleges and their asso- Among the things least changed by 
dated experiment stations. The work in time is Comstock’s basic course in gen- 
nature study had turned the eyes of the eral entomology, which was taken over 
children toward Cornell University, and first by Professor G. W. Herrick, and, 
they were flocking to the College of Agri- after his retirement, by Dr. :^bert 
culture in rapidly increasing numbers. Matheson. Most worthy of preservation 
The shadowgraph does not show two in the Department is the Comstock trar- 
shifts of boundaries that were made dur- dition of sincerity, reverence for truth, 
ing the latter years of the Comstocks, clean living, good fellowship, and human 
when I was head of the Department, kindness, of work for the joy of the 
One was the shift of nature study into working, and for the spread of the re- 
the Department of Rural Education, suiting public benefits. 

This change was made in Mrs. Com- 
stock’s time and with her approval. So at the end of this, my partly re- 

The other transfer was due to change corded and partly remembered tald, it 
of sources of financial support. It in- comes about that the story of lie deyel- 
volved vertebrate zoolpgy. It was a opment of the first university Depart- 
double shift, first, into the Department ment of Entomology is also in brief the 
of Bntomelogy, and, some years later,: story of the life and times and teamwork 
out again ; the work in oraithology under of J ohn Henry and Anna Botsf ord Com- 
: D?*: ':au^:"-th.,at^ hr sys- stock, the like of which we shall not see 

;tethaticy vertebrate, .zoolo^. ;underr. Dr. ^ again. ' 



NATURALISTS FOR THE FOREIGN SERVICE 

By KARL PATTERSON SCHMIDT 

CHICAGO NATUEAL HISTORY MUSEUM 


The term naturalist covers a some- 
what vague category of persons inter- 
ested in the natural sciences, either as 
amateurs or professionals, but in either 
case with the implication of a breadth of 
outlook that removes them from the more 
precisely definable botanists, zoologists, 
and geologists. My own definition of a 
naturalist as being a biologist who has 
traveled will not bear much inspection. 
It may be agreed, however, that natural- 
ists are those persons who take a keen 
delight in their natural surroundings, 
and that at best they may combine the 
objectivity of the scientist with the sub- 
jective warmth of the artist. Difficult 
though they be to define, naturalists are 
well-known among us, and seem to have 
some capacity for self-preservation and 
for the propagation of their kind. Nat- 
uralists are not always appreciated by 
the general public, though they make the 
best of teachers, and, when their natural 
history is an avocation, may include rep- 
resentatives of such respected professions 
as banking, the law, '‘the cloth/’ or 
engineering. 

The fundamental generic quality of a 
capacity for active interest in a particu- 
lar environment, has suggested to me a 
distinctive use for naturalists. From 
intimate and long-continued personal ob- 
servation of the United States Foreign 
Service, I envisage the possibility of 
bringing together in the public interest 
an important demand and need for per- 
sonnel and an unrecognized source of 
supply. Realizing that the proposal is 
by no means a new one, I propose the 
wide use of naturalists in the field of 
foreign relations, and specifically in a 
much-needed expansion of the American 
foreign service at its several levels. 


The inadequacy of our prewar foreign 
relations personnel has been pointedly 
established by the experiences of the 
second World War. In Peru I once 
made a thousand-mile journey to reach 
the nearest consulate, and in 1929 there 
was no official representative of the 
United States between the Fiji Islands 
and Java. In non-European and in 
many small countries we have for the 
most part been represented only at the 
capital city. 

It therefore requires no great perspi- 
cacity to predict that the foreign repre- 
sentation of the United States, in diplo- 
matic and consular posts, will require 
very great expansion in the postwar era 
now facing us with its problems. It is 
commonplace to predict greatly increased 
and world-wide air travel. On the 
ground, the highway from Alaska to 
Tierra del Fuego is approaching comple- 
tion. Even New Guinea, the last great 
reservoir of the unknown, has suddenly 
become accessible. The extent of the 
expansion required may at present only 
be guessed at. At a venture, from a 
glance at the map, I should recommend 
a fivefold increase in the number of our 
foreign posts and a tenfold increase in 
personnel as a minimum, if we are to 
establish some real contact with other 
nations and other peoples. 

If there is to be any expansion at all, 
an immediate problem arises, for the 
State Department is already faced with 
difficulties in staffing its more remote 
posts ; and new consulates must be estab- 
lished in still more remote regions. At 
best the average American citizen does 
not take kindly to foreign service, and 
is likely to find himself bored, finally 
beyond the limits of his endurance, in a 
230 



NATXJEALISTS POE THE POEEIGN SEEVICE 


231 


tropical locality, or in any locality lack- 
ing Ms standards of civilization. 

There are good reasons enough for dis- 
liking many a tropical situation. Mo- 
notonous heat and glaring sunshine, too 
frequent rains, continued cloudy weather, 
or too much wind may set the stage with 
a climate intrinsically difficult for per- 
sons adjusted to the Temperate Zone. 
Insect pests in unfamiliar variety and in 
pervasive hords may be present. The 
disagreeable features of a human en- 
vironment often dirty, not without 
danger from unfamiliar diseases, and 
usually correspondingly and exasperat- 
ingly inefficient, added to an unfavorable 
climate, may readily come to dominate 
one’s whole attitude unless there is a 
counterbalancing interest in something 
in the country itself, something that is 
to be found nowhere else. 

Every kind of foreign service would 
profit if we had the means of filling the 
more out-of-the-way stations with per- 
sons who, far from being bored in them, 
would regard the opportunity to live in 
such places as a privilege. On the aver- 
age, at least, naturalists as a class present 
precisely this characteristic. Boredom 
is so impossible to the naturalist that it 
seems a cardinal sin. Everything differ- 
ent from his environment at home offers 
him something to study. The very 
weather is a natural interest. An at- 
tempt to understand the physiography 
of his area may lead him on one hand 
into geological studies, and on the other 
into the inexhaustible problems of the 
distribution of plants and animals. We 
think of our world as geographically 
explored; but its exploration for the 
smaller animals, for the limits of distri- 
bution of both animals and plants, and 
especially for the understanding of those 
limits, is only just getting under way. 
To a naturalist it seems evident that the 
employment of trained or self-trained 
naturalists in all faraway consular posi- 
tions would thus contribute to the solu- 


tion of a variety of scientific problems, 
and would at the same time solve the fun- 
damental personnel problem of foreign 
service. 

At a fairly simple level, our naturalist 
in a foreign post need be no more than a 
collector, learning to collect effectively as 
he corresponds with the museums or with 
the specialists to whom he sends his col- 
lections. Collecting plants and animals 
may, of course, become one of the most 
exciting of occupations, involving all of 
the elements of hunting for sport, with 
far more significant and permanent re- 
wards. It is grand and romantic to 
search for the fossil remains of the ani- 
mals of past ages, or to collect a series of 
beetles that prove to represent a ‘‘new 
species,” or to contribute specimens val- 
uable in the attack on important biologi- 
cal problems. A dozen museums would 
be delighted to correspond with such 
amateur collectors at tropical stations, 
and amateur collectors frequently de- 
velop into first-rate naturalists. 

My suggestion really aims much 
higher. We should send trained scien- 
tists to hecome naturalists in these for- 
eign stations. Young people already 
trained in one or more of the biological, 
geological, geographical, or anthropologi- 
cal sciences, and already filled with the 
determination to devote their lives to 
these sciences, are available in the gradu- 
ate departments of almost every univer- 
sity in the country. There is no reason- 
able doubt that young men and women 
of this type could fulfill the normal 
duties of a consular office with distinc- 
tion. A university group especially 
suitable for the foreign service is pre- 
sented by the graduate students of geog- 
raphy. Within my own generation, the 
appreciation of human geography as an 
adult interest has led to the establish- 
ment of a flourishing department of ge- 
ography at nearly every large university. 

There is a considerable tradition for 
the pursuit of scientific interests in con- 
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junction with foreign service. Now, on 
the threskhold of an age in whicli our 
lives are to be dominated by science as 
never before, such association gains 
vastly in importance. It may, indeed, 
be brought into relation with any pro- 
gram for the fostering of scientific re- 
search under government auspices. 

My own experience points to a factor 
of vital importance to the success of our 
foreign representatives. Anyone who 
positively dislikes the foreign environ- 
ment in which he is placed cannot well 
establish friendly relations with the 
people among whom he finds himself, 
and he is not likely to make the effort 
even to learn their language. With 
respect to the language, the naturalist is 
vitally concerned with learning it as a 
tool for the pursuit of his scientific 
studies. It has been my own familiar 
experience in Latin America to find that 
however bad one’s Spanish, the attempt 
to speak it is seized upon as evidence of 
sympathy and of interest in the country 
itself. The naturalist who expresses 
specific curiosity about anything native 
to the country in which he travels finds 
his interest regarded by the residents as 
a profound compliment. His activities, 
in fact, afford a continuing avenue of 
contact with the foreign society in which 
he is located, extending from the urchins 
who bring him specimens at a centavo 
each to the most cultured persons en- 
countered. I hesitate to affirm, but I 
have often suspected, that naturalists 
bear a better reputation abroad than at 
home in our United States. 

To make my proposal concrete, it may 


be pointed out that the salary of a for 
eign service employee begins at $2,500 
per annum, with certain other allowances 
at the more distant stations, and with 
transportation for himself and family. 
After a minimum stay of two years, his 
return expenses, including those of his 
family, are allowed. Training in spe- 
cifically foreign service duties is given in 
a special training period, with pay. Let 
us suggest a three-year contract. At its 
termination the State Department could 
offer further opportunities to a staff 
member with considerable experience 
a,nd good educationar background. If 
the young man should decide against 
further foreign service, he can return to 
his graduate work in a university with 
a rich addition to his real education, and 
in many cases with the material for a 
thesis of genuine value. Above all, in 
the teaching career to which he may turn 
for his further livelihood, his foreign 
experience will command prestige and 
give him an invaluable contact with his 
students. 

I believe that a cooperative arrange- 
ment between the graduate schools of the 
universities of the country and the State 
Department, for the supply of staff to 
foreign posts, would redound to the 
credit of both, and prove profoundly 
beneficial to the nation. Such an ar- 
rangement might be coordinated by the 
National Eeseareh Council. The pos- 
sibilities of benefit both to the foreign 
service and to science and scientific edu- 
cation should receive consideration in 
government plans for aid to the scientific 
activities of the nation. 



THE SCORING OF ATHLETIC CONTESTS 


By BANCROFT H. BROWN 

PROFESSOR OF MATHEMATICS, DARTMOUTH COLLEGE 


In athletic contests, the word 'Hearn’' 
is used in two different senses. In the 
first sense, team is a group of associates 
who subordinate personal prominence to 
the efficiency of the whole; a football 
team is an example. In the second sense 
— and a track team is an example — 
team is a group of individuals, each of 
whom has his specialty, which he per- 
forms to the best of his ability, with 
essentially no help from his teammates. 

For teams in the first sense, either 
comparative scores or absolute scores are 
practically meaningless. Varying excel- 
lencies in different departments of play 
make it a common thing for team A to 
beat team B, B to beat C, and C to beat 
A. Further, the subordination of per- 
sonal prominence must be so complete 
that an individual must, for the sake of 
his team, be ready to perform in a man- 
ner inferior to the best he can do. Ex- 
amples are the intentional base on, balls 
in baseball, and the intentional safety in 
football. We conclude that in football, 
baseball, lacrosse, hockey, basketball, soc- 
cer, and polo the scoring systems involve 
little that is worthy of scientific study. 
And we note explicitly two paradoxes: 

The Ring-Paradox. This consists in 
A beating B, B beating C, and C beat- 
ing A. 

The Control-Paradox. This consists 
in an inferior performance by which 
defeat is turned into victory. 

As examples of teams in the second 
sense, we have track, cross-country, 
swimming, boxing, tennis, golf, gym- 
nastics, fencing, wrestling, rifle, winter 
sports, and the like. In many of the 
events which occur in these sports, the 
whole idea is to get somewhere first, or to 
throw something farthest. The situation 


is more complicated in boxing, wrestling, 
tennis, the fancy dive, fencing, and form 
in ski jumping, but that need not con- 
cern us here. It is true that in running 
a race one may be bothered by his op- 
ponents, or helped by a teammate, but 
this influence is on the whole small, and 
in a study of scoring systems may be 
disregarded. Further, to simplify the 
situation, we omit entirely the human 
element. In this discussion, our runners 
must always run a race in the same time ; 
our jumpers must always jump the same 
distance. All contestants are reduced to 
automatons who always give their best 
performance, and this best performance 
is a constant, unless — and this will prob- 
ably seem unlikely to the reader — the 
control-paradox occurs in the scoring 
systems, and our contestants take ad- 
vantage of it. 

Now when representatives of two 
teams run a mile race, it is easy to deter- 
mine the winner. He is the man who 
finishes first. In a javelin throw, it is 
the man who throws the javelin the far- 
thest. But when we come to combine 
a mile race with a javelin throw, we in- 
troduce complications. Shall we merely 
score the winners (as the British do) ^ 
Or shall we count seconds and thirds 
(as is common in the United States), 
and, if so, how much? Shall a superla- 
tive throw of the javelin count a little 
more than a narrow victory in a rather 
mediocre mile? 

We must have definitions. Quite gen- 
erally we may say: 

A team consists of individuals, whose 
individual performances contribute to a 
common score, with the purpose of es- 
tablishing the general superiority of 
.their team over one or more other teams. 
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An event is an athletic contest in 
which one or more individuals from two 
or more teams participate. 

A meet is a group of events. Its pur- 
pose is to determine the order of general 
excellence of the teams involved. 

A scoring system is the technical de- 
vice by which this order of general ex- 
cellence is established. It is assumed to 
be impartial, and adapted to the pecu- 
liarities of the events which it measures. 
The independent variables of a scoring 
system are the times, distances, orders, 
etc., of the individuals in an event. 
Using these variables directly, or others 
dependent on them, the system assigns 
event-numbers to each team in each 
event. It is assumed that the event- 
numbers monotonically increase or de- 
crease with team excellence in that 
event. It is assumed that if increase’^ 
is the pattern in one event, it is the pat- 
tern in all events. It is finally assumed 
that the event-numbers for a team are 
merely added together to give a meet- 
number. Order of excellence is estab- 
lished by the order of the meet-numbers. 

The essence of a scoring system is the 
method of assignment of the event-num- 
bers. These methods may differ radi- 
cally in the orders of excellence which 
they establish. Suppose 2 golfers A and 
B play 3 holes, and suppose their scores 
are: 

A 7 3 3 

B 4 4 4 

In the scoring system called medal play, 
these numbers are themselves the event- 
numbers, and B beats A 12 to 13. In 
the scoring system called match play, 
the significant thing is winning the 
event, and for this the event-number unity 
is given; hence the event-numbers are: 

A 0 1 1 

B 1 0 0 

and A beats B by a score of 2 to 1 (tech- 
nically one-up). On the evidence fur- 
nished, B is better than A at medal play; 


A is better than B at match play ; and 
the question as to who is the better 
golfer, being undefined, is still un- 
answered. 

The reader will note a close analogy 
between this and the election of a Presi- 
dent of the United States. The Elec- 
toral College (match play) yields a re- 
sult which may be quite different from 
the popular vote (medal play). 

But note that match play involves the 
ring-paradox, whereas medal play does 
not. A single example suffices to show 
this. Suppose 3 golfers play 3 holes — 
remember they are automatons — and A 
has scores of 7, 3, and 4; B scores of 
2, 4, and 6 ; and C scores of 3, 5, and 2. 
Then, in dual match play we have these 
results (the winning score is italicized) : 

A 7 S 4 B $ 4 6 A7^4 

B^46 035;^ 0 S 5 $ 

Thus match play can produce the ring- 
paradox ; and obviously medal play 
never can. But, in my judgment, this 
is no valid reason for saying that there- 
fore medal play should be preferred. 

The ring-paradox is, in fact, inher- 
ent in many more systems than is gen- 
erally supposed. Consider a cross-coun- 
try triple meet (actually a meet of 1 
event) in which 5 representatives of 
each of 3 teams compete. The only 
thing that matters is the order of the 
finish. The winner is assigned the num- 
ber 1, the next man the number 2, and 
so on. The numbers of the individuals 
on a team are added for a team score, 
and low team score wins. Suppose the 
order of the finish is : 


A 

B 

0 

1 

6 

2 

4 

7 

3 

5 

8 

11 

14 

9 

12 

15 

10 

13 

39 

40 

41 


We can now say that in a triple meet, 
team A is best. But it by no means 
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follows that we can draw any conclu- 
sions as to what will happen in dual 
meets. A glance at the numbers shows 
that in a dual meet between A and B, 
A will take the first 3 places, B the next 
5, and A ninth and tenth. The results 
of 3 dual meets are: 


A 

B 

B 

0 

A 

C 

1 

4 

3 

1 

1 

2 

2 

5 

4 

2 

4 

3 

3 

6 

5 

8 

5 

6 

9 

7 

6 

9 

9 

7 

10 

8 

7 

10 

10 

8 

25 

30 

25 

30 

29 

26 


an excellent example of the ring-para- 
dox. 

The question of which scoring systems 
involve the ring-paradox and which do 
not can be completely answered after an 
analysis of the following ring-paradox, 
the simplest that exists. Three teams 
consist of a single individual each, and 
they compete in 3 events. In event (1) 
A always wins, then B, then C. In event 
(2) the order is B, C, A; in event (3) 
the order is C, A, B. Now consider these 
3 dual meets, in which winner scores 1 
point in an event: 

A B BO AC 

( 1 ) 1 0 10 10 

( 2 ) 0 1 10 0 1 

(3) 1 0 0 1 0 1 

2 1 2 1 12 

This gives us the clue. In (1), A is one 
better than B, B is one better than C; 
yet A is only one better than C. Some- 
how, the scoring system should make A 
two better than C. More generally, it 
can be demonstrated very easily that if 
the symbol S(A, B) means the amount 
by which A’s event-number exceeds B’s 
event-number, the necessary and suffi- 
cient condition that a scoring system 
avoid the ring-paradox is that the fol- 
lowing functional equation hold: 

S(A, B) +S(B, 0) =:S(A, C) 

The reader familiar with scoring rules 


can now verify that the ring-paradox is 
inherent in the following: track, cross- 
country, swimming, gymnastics (Amer- 
ican rules), winter sports, boxing, tennis, 
fencing, wrestling, and match play at 
golf. The ring-paradox can never occur 
in rifle, bowling, gymnastics (Canadian 
rules), medal play at golf, the pen- 
tathlon, and decathlon. 

Can scoring systems be devised which 
would eliminate the ring-paradox? It is 
easily demonstrable that to do this the 
system must produce an absolute rating 
S(A) for each team in each event: that 
is, S(A, B) =S(A)-S(B). An abso- 
lute rating in boxing, tennis, fencing, or 
wrestling is absurd. An absolute rating 
in golf simply means that you discard 
match play for medal play ; and in gym- 
nastics it means that you adopt Ca- 
nadian rules. In track, cross-country, 
swimming, and winter sports, absolute 
ratings are possible, but in my judg- 
ment are highly undesirable. In a track 
meet it would require the determination 
of the time of every runner by electrical 
devices at least to the nearest .01 second. 
It would mean an appalling amount of 
mathematical computation. The winner 
of a close race would not be sufficiently 
rewarded. And most unreasonable and 
intolerable is the fact that team B might 
win 14 first places and 15 second places 
in 15 events, and yet be beaten by the 
superlative effort of one individual on 
team A, performing in only 1 event. 
The ring-paradox is much easier to 
endure than these absurdities. 

The control-paradox is not as common 
as the ring-paradox. Its actual occur- 
rence in the sports listed requires (a) 
two mutually antagonistic systems un- 
wisely interlaced, or (b) a single illog- 
ical system. Several examples of (a) 
are known to exist ; they are more amus- 
ing than harmful. I know of only one 
example of (6), a method used in scor- 
ing the slalom in skiing. 

As an example of control-paradox, 
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variety (a), consider a wMcti 

consists of a triple track meet with its 
15 events in which first, second, and 
third count as usual, 5, 3, and 1 ; and in 
addition a sixteenth event, a cross-coun- 
try run, in which the winning team is 
determined in the usual way, and then 
5, 3, and 1 points are arbitrarily assigned 
as event-numbers. The cross-country 
race is held last. Prior to its running, 
the scores are : 


A 

B 

0 

48 

45 

42 

In the cross-country race, 

the sixteenth 

event, the order of finish is : 

A 

B 

C 

9 

2 

1 

12 

5 

3 

13 

6 

4 

14 

7 

10 

15 

8 

11 

63 

28 

29 

Whereupon team B is awarded 5 points ; 

0, 3: and A, 1. 

These added to the totals 

above give B, 50 : A, 49 ; and C, 45. 

But suppose 

the A-man who finished 

ninth, had sat down on the grass, and 
waited for the two C-men, whom he could 
have beaten, to finish ahead of him ; and 
then casually strolled across the finish 
line. We should then have: 

A 

B 

C 

11 

2 

1 

12 

5 

3 

13 

6 

4 

14 

7 

9 

15 

8 

10 

65 

28 

27 


By this maneuver, team C, which was 
not the dangerous competitor, is handed 
the victory, and gets 5 points, B gets 3, 
and A is no worse off with 1. The final 
score is; 

ABC 
49 48 47 


Thus by performing as badly as is 
humanly possible, team A was able to 
turn defeat into victory. The ability to 
‘^controP’' the scores of adversaries is 
widely prevalent in triple meets, but in 
general a team which exercises this con- 
trol loses more than it gains. This ex- 
ample is an unusual exception. 

A scoring system, widely used in win- 
ter sports in the slalom, downhill, or 
Langlauf, inherently contains the con- 
trol-paradox, variety (&), even in a dual 
meet. In this system, the winner (the 
man with the least time) is given 100 
points. Every other competitor is given 
a fraction of 100 points, the numerator 
of the fraction being the winner time, 
and the denominator, his own time. Now 
consider this situation for two 4~men 
teams : 


Team A: Time 

Points Team B : 

Time 

Points 

79 

100.00 

80 

98.75 

81 

97.53 

130 

00.77 

82 

96.34 

131 

60.31 

83 

95.18 

132 

59.85 


389.05 


279.68 

The totals (or, in practice, 

one-quarter 

of the totals, 

which does not affect the 

situation) are defined as the event-num- 

hers, and A 

is ahead by 109,37 points. 

Bnt suppose 

the winning 

A-man had 

slowed down to 80 seconds, 
would then he ; 

The 

score 

Team A: Time 

Points Team B : 

: Time 

Points 

80 

100.00 

80 

100.00 

81 

98,77 

130 

61.54 

82 

97.56 

131 

61.07 

83 

96.39 

132 

60.61 


392.72 283.22 


Team A is now ahead by 109.50 points. 
Thus if the winning A-man is willing to 
give up his personal victory, and accept 
a tie for first place, he can thereby 
strengthen his team’s score, and in a 
close meet turn defeat into victory. 
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But although the paradox exists -when- 
ever one team is sufficiently superior to 
the other, it does not seem to be of much 
practical importance. In fact, when a 
winter sports meet involves 10 or 12 
teams, the extraordinary amount of cal- 
culation involved in this method seems 
(at least to one who has often assisted 
in scoring) a more valid objection than 
the hazard of the control-paradox. 

In conclusion, in judging any scoring 
system, or in formulating any new one, 
the first question to ask is: How many 
men do you want to have contribute 
scores in any events Meets in boxing, 
tennis, fencing, wrestling, and goK 
usually consist of several 2-man events, 
and the winner alone contributes to the 
score; 1 point for the winner and 0 for 
the loser seems to be about as good a 
solution as any. In track, the British 
answer is 1, the winner. The American 
answer is 3 (or even 5 in a multiple- 
meet), and the desire for balanced’’ 
teams has led to an increase in the value 
of seconds and thirds. Formerly, the 
system 5-2-1 was used; now it is gen- 
erally 5-3-1, and in multiple-meets, 
5-4“3-2-l. In swimming and gymnas- 
tics, 3 places count in this country. 
There seems to be no valid reason for 
changing any of these systems. 

In cross-country, the answer is differ- 
ent, as 5 men on each team are to con- 
tribute to the score. The emphasis here 
is on team balance. In a multiple-meet 
of 15 or 20 teams, it is not unreasonable 
for no member of the winning team to 
finish among the first 10. Again, it is 
perfectly possible for a team to have 4 
men finish first, second, third, and fourth, 
and yet lose the meet through the indif- 
ferent performance of the fifth member. 
These facts are well-recognized, and are 
not considered undesirable. Further, a 


cross-country meet is unique in that it 
is a meet with only one event, and there- 
fore it is reasonable to keep the scoring 
system which is now used. 

American winter sports meets consti- 
tute the real exception. In each event, 
4 men on each team are to contribute to 
the score. No other sport has ever put 
such emphasis on team and balance, and, 
in consequence, no other sport has ever 
faced such difficulties in formulating a 
scoring system. There is no need for 
reviewing all the systems which have 
been tried. They are all complicated, as 
indeed they always must be. A good 
scoring system should be capable of easy 
explanation to the judges, contestants, 
newspaper reporters, and general public. 
It is desirable to have a system which 
can be kept up to date as a meet pro- 
gresses, and which will yield the final 
results soon after the end of the meet. 
But when 3 competent scorers, all pro- 
fessional scientists, equipped with slide 
rules and electric computing machines, 
require 4 to 6 hours to determine the 
winner, I would venture the categorical 
statement that the scoring system is a 
bad one. Further, if the performances 
of 4 men on each team are to be consid- 
ered significant, I know of no system 
which could prevent this situation : team 
A finishes first, second, and third in 
every event, and also finishes fourth in 
every event but one, and yet loses the 
meet. These difficulties are very real, 
and they greatly outweigh the minor 
abnormalities of the ring-paradox and 
the control-paradox. The proponents of 
winter sports believe 4-man teams in 
each event are desirable, and they have 
good arguments for their position. But 
they must always pay a high price in the 
complex and undesirable features of any 
possible scoring system. 
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The ways of a parasite are opprobri- 
ous to men, who subconsciously Judge 
them by their own code of ethics. We 
are pervaded with a sense of fair play 
and by democratic ideas of equality of 
opportunity to such a degree that the 
animal parasite, as indeed the predator, 
tends to assume a sinister aspect. No 
technical biologist will admit ^inthropo- 
morphic bias in interpreting the actions 
of animals; but, as rigidly mechanistic 
as he may be in his explanation of their 
behavior, we note his interest is often 
piqued by a situation which by human 
standards is irregular or insidious. 

In the unmoral animal world, success 
rather than virtue is the keynote, success 
in maintaining life and in reproducing. 
Any means to these ends is biologically 
acceptable if it works. Parasites dis- 
play remarkably neat methods of attain- 
ing their objectives, methods quite as 
elaborate as those of free-living animals. 
But a parasite makes sacrifices in becom- 
ing dependent on another species. It 
narrows its own evolutionary possibili- 
ties and limits its expansion in numbers. 
It easts its fate with its host and it can- 
not overuse its “meal ticket.’’ The 
host’s welfare as a species is of especial 
importance to the parasite, and it is 
usually regarded as axiomatic that the 
most successful parasites are those that 
do not cause the early death of their 
hosts. 

Parasitism as an animal industry has 
offered many openings — opportunities 
for developing the art in diverse ways. 
Like any unoccupied ecologic niche or 
industry, it becomes filled by progressive 
modification of pre-existing free-living 
animals. Similar kinds of parasitism 


have evolved independently a number of 
times, each arriving at a similar end 
state by different routes and from dif- 
ferent starting points. Such has been 
true of social parasitism among birds. 

Social parasitism is in some respects 
a poor term for what I describe, but it 
is now well-accepted English usage. It 
refers to the parasitism of the nest of 
one species by birds of another species, 
and the consequent dependence on the 
host to incubate the parasite’s eggs, and 
to raise and protect its young. Strictly 
speaking, this is not parasitism of the 
society of which an individual is a mem- 
ber because it is not an intraspecifie 
affair. Only in the sense that many bird 
species are conceived as forming one 
ecologic society is the term justifiable. 
The German term Brutparasiiismus is, 
on the other hand, entirely accurate. 

The fact that the European cuckoo 
is parasitic was known in Aristotle’s 
day, but lack of precise information 
about its activities prevailed until two 
decades ago, in spite of the great fame 
this bird gained from its unusual repro- 
ductive methods. Misconceptions are evi- 
dent in the meaning of the word ^ ' cuck- 
old,” based on the cuckoo’s supposed 
habits. The implication in this word is 
that the female cuckoo is unfaithful to 
her mate. There is not much good evi- 
dence to show that she is; she merely 
passes off on someone else her domestic 
duties of raising young, while she spends 
her time in the Job of finding the nests 
of victims. Some modern society women 
do much the same thing with their own 
children. In fact, the term social para- 
site might more correctly he applied to 
them, for such women are parasitizing 
238 
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their own society, their own species — ^bnt 
this observation may have theromorphic 
bias. 

Not until the early nineteenth century 
was it discovered that some birds other 
than cuckoos are parasitic, and only in 
the past few decades have several more 
groups been added to this category. We 
now know of parasitism in five separate 
families of birds, belonging to four dis- 
tinct and not closely related orders. Ob- 
viously it is an independent development 
in each group, stemming from ancestors 
that had normal nesting and brooding 
habits. The groups are : the cuckoos of 
the Old World (not the North American 
cuckoos); the honey guides of Africa; 
the cowbirds of North and South Amer- 
ica; the weaver finches of Africa; and 
the ducks (the Argentine black-headed 
duck only). 

To understand the origin of parasitism 
we must review a few elements of normal 
breeding behavior. 

(1) In a great many birds, as the 
nesting season approaches, interest is 
taken, in a particular area in which the 
nest later will be built. This area, or 
focal points in it, is defended, especially 
by the male, against others of the same 
species. It is called specifically the 
‘‘territory’’ and it serves variously, ac- 
cording to the species, one or all of the 
following functions: protects the mate 
and isolates the pair, thus preserving the 
bond between the members of the pair 
and in general promoting monogamy; 
protects the nest from molestation; as- 
sures a food supply — an adequate source 
area for food — ^for the raising of young. 

(2) Either before or after establish- 
ment of territory by the male, pair for- 
mation takes place in monogamous spe- 
cies, Nuptial display, common interest 
in a territory, courtship feeding, and 
nest-building may serve to strengthen 
this bond, which usually is held in force 
for the period in which a brood of young 
is being raised. The sexes seem to be 


recognized initially either by character- 
istic marking or by behavior, but recog- 
nition of the mate soon becomes a matter 
of individual recognition, of which birds 
are fully capable. 

(3) Nest construction takes place 
after pairing, usually long after terri- 
tory is established, although in some 
species the establishment of territory 
may follow upon selection of the nest 
site and consist of an expansion of the 
sphere of protection centering at the site. 
Nest construction may be engaged in by 
both male and female or by the female 
alone. It stimulates sexual activity, and 
parts of the building activity may be 
taken over as an element of courtship 
display, thus at times contributing not 
at all to construction of the nest. The 
architecture of the nest is usually char- 
acteristic for the species. In its broad 
aspects, and even in many details, it is 
hereditarily determined, as are most 
actions of birds. 

(4) Ovulation, or laying, is not purely 
a culmination of a seasonal reproductive 
cycle set in motion by the endocrine sys- 
tem, in timing with daylight or other 
external cycles, but is further dependent 
in most species on the stimulus of court- 
ship, nest construction, sight of and feel 
of the nest, and immediate conditions of 
food and weather. 

(5) Once the eggs are laid, the chain 
of subsequent activity, of brooding, of 
feeding young, and of protecting them, 
follows, governed by internal events in 
the endocrine system and by later ex- 
ternal stimuli, such as the hatching of 
eggs and the begging of young. The 
male responds to these situations as a 
result of external stimuli; yet in some 
species his activity in brooding and in 
raising the young may be even more 
intense than that of the female. 

By its brevity the foregoing sketch 
does violence to many special fields of 
behavior study, and would require much 
elaboration and some qualification for 
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any particular species. However, it may 
be thoiiglit of as applying fairly well to 
most small songbirds and to the ancestral 
types in several groups that have evolved 
parasitism. 

Steps in the modification of instincts 
in the cowbirds fortunately can be traced 
in part through two South American spe- 
cies (Friedmann, The CowhirdSj 1929), 
one of which verges on parasitism yet 
still raises its own young. The other has 
an imperfect parasitic procedure, prob- 
ably but recently evolved. The first of 
these is the bay-winged cowbird {Molo- 
thrus ladius), of Argentina. It pairs 
up in the spring and is strictly monog- 
amous, each pair sorting out of the win- 
ter flocks and going its own way. But 
instead of establishing territories before, 
or even following, pairing the pair wan- 
ders about looking for old or empty nests 
of other species. Often they fight with 
the rightful owners and usually are suc- 
cessful in ousting them. They even 
throw out the eggs and young from occu- 
pied nests. Having thus taken posses- 
sion of either an old or an occupied nest, 
they lay their own eggs, incubate them, 
and raise their young. After acquiring 
a nest, they establish a territory radially 
around it and proceed to renovate the 
nest, sometimes adding significantly to it. 
Indeed occasionally they build their own 
nests and do quite well. Thus they have 
not lost the instinct to construct. It 
should be pointed out that the family to 
which the cowbirds belong is noted for 
its elaborate, well-built nest structures 
(the New World orioles are members of 
this group). 

The significant departure from the 
norm in this species seems to be an upset 
in timing, that is, an aroused interest in 
nest structure before a home territory 
is established. There is overconcern for 
nest structures per se and special suscep- 
tibility to the stimulus of the sight of a 
nest of whatever kind. Territorial in- 
stincts are not only late in manifestation 


but are in general not strong. One fur- 
ther point to be noted is the weakness of 
the brooding and feeding instincts of the 
females; the male does the major share 
of the work at the nest. 

The screaming cowbird (Molothrus 
rufo-axillaris) , of the same geographic 
area, is closely related to the bay-wing, 
and, according to Friedmann, principal 
student of these birds, has certainly 
been evolved from it. Screaming cow- 
birds are monogamous, and may even re- 
main in pairs throughout the year. 
They establish territories but defend 
them very weakly, often tolerate other 
pairs, and may shift about from one 
place to another during the early part 
of the spring season. Egg-laying is long 
delayed ; and, when it does finally occur, 
the only nesting activity of other species 
still in progress is that of their relatives, 
the bay-wings. They then lay in the 
bay- wings’ nests, parasitizing this spe- 
cies solely. 

“Assuming that in most ways the 
original habits of the screaming cowbird 
were similar to those of the bay-wing, 
we would expect that the birds tried to 
[take over and] breed in nests of oven- 
birds, woodhewers, etc. . . but tried 
to do so early in the season. . . . The 
struggle for nests is much greater [then] 

. . . than later on, and the screaming 
cowbird, handicapped hereditarily by a 
weakened territorial instinct, probably 
could not succeed in. this struggle. , - . 
[The frequent desertion of territories by 
this species] indicates very strongly that 
the weakened territorial instinct of the 
male often is insufficient to maintain its 
influence long enough” for the egg-lay- 
ing of the female to follow in normal 
sequence. With no adequate defense of 
a stolen nest, the female laid in nests 
the pair attempted to acquire. As in the 
ancestral bay- wing, the female was weak 
in her brooding instincts, and now in 
this species the protecting and brooding 
instincts of the male also became weak- 
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ened and the bond between pair and nest 
broken. The eggs were then left to the 
foster parents, who, never having been 
driven away effectively, returned and 
raised the parasite and perhaps some of 
their own young. The screaming cow- 
bird was delayed until late in the spring 
because of the difficulty in getting at 
nests. At that time the nests most avail- 
able were those of the bay- wing, who was 
itself none too aggressive in defense of 
its nest. The screaming cowbird thus 
could most readily succeed in parasitiz- 
ing this species and is now found to do 
so exclusively. 

In the North American cowbird (Molo- 
thrus ater), as in several South Amer- 
ican species, parasitism is developed 
more perfectly. In these, territorialism 
has in effect disappeared. There is, to 
be sure, interest in or attachment to an 
area but no defense of it. When many 
cowbirds are present in a region, they 
are tolerant of one another. Also, they 
become promiscuous, or, more usually, 
polyandrous, for the males outnumber 
the females in these species. Further, 
they parasitize a wide range of species — 
kinds almost always somewhat smaller 
than themselves. There is no host spec- 
ificity. 

Thus, pair formation, territorialism, 
nest construction, brooding, and feeding 
instincts have all been lost. I think of 
a group of cowbirds that lived about a 
mesquite thicket where I camped one 
spring on the Tucson desert. A single 
female was the center of the show. Six 
males were in constant attendance, 
squeaking, and ruffling their feathers in 
courtship antics; they were not effec- 
tively aggressive toward each other. As 
the female flew from one tree to another, 
the flock of attendants moved with her 
in close formation; they seemed to be 
mobbing the female, as crows would an 
owl. For the female this looked, anthro- 
pomorphically, to be a carefree, though 
hectic, existence. 


The devices of parasitism which in a 
sense replace the lost instincts are sev- 
eral. There seems no doubt that the 
female cowbird will be able to mate. The 
problems for the species now become: 
(1) finding nests in proper stage for 
parasitism ; (2) insuring that the host is 
not disadvantageously disturbed by the 
deposit of the foreign egg; (3) insurance 
that the young will be fledged by the 
foster parents in competition with their 
own young. Several adaptations claimed 
to be effective in accomplishing these 
ends have with recent, more precise ob- 
servation proved to be nonexistent. Only 
recently has the laying and egg-remov- 
ing action of the female cowbird been 
exactly recorded. 

The story runs as follows : The female 
takes a sharp interest in nest-building of 
other birds, and is stimulated by sight of 
this and perhaps by their courtship. On 
her beat, she finds numerous nests by ob- 
servation of building activity and by 
special search in the plant cover. Not 
only are these found, but also they are 
visited and inspected. When ail this in- 
terest induces ovulation, she has a sup- 
ply of nests to use and is in touch with 
laying activity in them. She usually 
lays only after one egg of the host has 
been deposited. 

Until eight years ago there had been 
reported only one satisfactory observa- 
tion of a North American cowbird sit- 
ting on a nest, laying; cowbird eggs 
merely were known to appear in the 
nests of hosts. They were easily recog- 
nized by their characteristic markings. 
Patient work on the part of Hann (Wil- 
son Bulleiinj 1937, 1941) gave the clue 
to the difficulty. The cowbird lays ex- 
ceptionally early in the morning before 
the host lays for the day in question. 
Normally, host birds do not stay on the 
nest at night until the clutch is nearly or 
quite complete. The cowbird, then, gets 
to the nest before the owner. Hann re- 
ports it was usually impossible for him 
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to make out the form of the cowbird 
when it was quiet, in the dim light. But 
his photoflash records tell the story. 
This early visit produces a minimum of 
disturbance at the nest. The egg can be 
laid in thirty seconds, and the hosts may 
be unaware of the unhappy event. 

The practical difficulty of knowing in 
advance what nest the cowbird will visit 
can well be imagined. What nest shall 
the faithful ornithologist sit by in the 
dark before dawn? Some clues were 
found that aided materially. From 
study of the eggs in the nests of host 
species in a restricted area and with 
knowledge of the sequence of their ap- 
pearance, it could be established that a 
female cowbird laid once a day, four or 
five days in succession; these groups of 
eggs, incidentally, correspond to the 
clutches of the same number laid by the 
nonparasitic bay-wing. If the observer 
has been as keen as the cowbird in find- 
ing nests, he will know which nests on 
the cowbird ^s beat will be in a favorable 
stage for parasitism. Further, Hann 
found that the cowbird usually made a 
close inspection of the nest of the in- 
tended victim on the afternoon of the 
day before. This action, observable in 
broad daylight, if one is at the right 
place, serves as a guiding sign, although 
it is not infallible. 

Contrary to the belief held before 
Hann’s photographic work, the cowbird 
does not remove an egg of the host from 
the nest when she visits to lay. Instead 
she takes it on the afternoon before, or 
later in the morning of her laying. This 
sneak visit, of course, can be very rapid 
and again will not cause prolonged dis- 
turbance of the hosts. About 85 percent 
of the time this removal takes place. 
Accidentally, the remaining eggs of the 
host may be damaged by the claws of 
the cowbird as she settles in the unfa- 
miliar nest. 

An egg is removed only if two or more 
eggs of some sort are present in the nest 


when the visit is made. This instinct 
helps to insure that the cowbird will not 
remove her own egg; for, in an emer- 
gency, cowbirds may lay before any of 
the eggs of the host have been deposited. 
Only rarely does the cowbird make a 
mistake and remove her own egg or that 
of another cowbird that might have 
found the same nest. The eggs which 
are taken are speared with the bill and 
carried away to be eaten or crushed. 

Host reaction is a subject about which 
much more information is needed. Once 
the disturbance of the cowbird 's visit has 
passed, most hosts show little concern. 
We have some evidence that they are 
aware of the foreign egg, but seldom are 
they able to remove it; nor do they per- 
sist in efforts to do so, even though the 
egg may be twice the size of their own 
and strikingly different in pattern. 
Sometimes the host deserts the nest and 
starts afresh somewhere else. Certain 
species are much more readily disturbed 
than others, but qualitative data on 
desertion are sadly lacking. One reac- 
tion often seen in paxnsitized warblers 
is reconstruction of the nest, with a false 
bottom placed over the first set of eggs 
containing that of the cowbird. The 
warbler, of course, then lays another set. 

Young cowbirds hatch with the host 
young, call lustily for food, and get it. 
Young of some species, such as orioles 
and warblers, may fail in competition; 
those of others, such as song sparrows, 
receive enough food to develop normally. 
Though larger than its host nestmates 
(sometimes 50 percent or more), the 
young cowbird develops rapidly enough 
to be ready to leave the nest with its 
associates. Like them, it is fed for ten 
days to two weeks subsequently and then 
is independent. Since most small birds 
feed their young on insects, young cow- 
birds are likely to receive an adequate, 
nutritious diet, regardless of the specific 
menu of the host. Certainly they are 
not fastidious. 
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Overenthusiasm in the search for 
adaptive devices and the influence of 
knowledge about cuckoos have led to 
some false ideas concerning the cow- 
bird ^s special abilities in parasitism. It 
has been claimed that its eggs are un- 
usually small, the better to resemble 
those of the hosts. In compaiuson with 
nonparasitic members of its family, the 
cowbird ’s eggs are no smaller ; they aver- 
age about 9 percent of the body weight. 
There is no increased thickness of the 
egg shell in adaptation to resisting 
breakage by the host during attempts at 
removal. The most persistent and fa- 
vored notion has been that the cowbird 's 
egg hatches before those of its host as 
a result of a shortening of the develop- 
mental period of the embryo. Again, 
the cowbird has speeded up the process 
not at all in comparison with its rela- 
tives, the American blackbirds. Its in- 
cubation period of eleven or twelve days 
is short, shorter than that of some of its 
hosts but identical with most of them. 
The cowbird 's ancestral stock possessed 
certain characteristics helpful in para- 
sitism, such as egg size and short in- 
cubation period. These properly are 
viewed as preadaptations. They seem 
not to have been enhanced in the slight- 
est since the birds became parasites. 
Young cowbirds display no antagonism 
toward their nestmates. They make no 
eiforts to pick at them, throw them out 
of the nest, "or sit upon them. We shall 
see how this contrasts with certain 
cuckoos. 

One study of the success of the North 
American cowbird has been pursued ex- 
tensively enough to yield a reliable pic- 
ture (Nice, Trans. Linnaean Soc. of New 
York, 1937). In the Middle West, song 
sparrows (Melospiza melodm) are fa- 
vored hosts. Figures for survival in 
about 100 nests show 32 percent of the 
cowbird eggs laid were hatched and the 
young fledged. This compares with 36 
percent, in general, for song sparrow 


eggs in nonparasitized nests. The lesser 
figure for cowbirds may be attributed to 
occasional desertions by the song spar- 
rows as a result of the appearance of the 
cowbird egg. Broods of song sparrows 
raised in nonparasitized nests averaged 

3.4 young per nest; in parasitized nests, 

2.4 young. Hence, each cowbird would 
seem to have been raised at the expense 
of one song sparrow. 

The European cuckoo {Cttculus can- 
orus) is more complicated in its devices 
for parasitism. Striking is its well-de- 
veloped, though not always perfect, host 
specificity. Different tribes, or gentes, 
exist within the species, even in the same 
area, each adherent to a different host 
species and each specialized in at least 
one respect for that one species. Thus 
in England there are cuckoos parasitic 
on meadow pipits, and others that are 
tree-pipit cuckoos, hedge-sparrow cuck- 
oos, or pied-wagtail cuckoos. 

Much of the knowledge about these 
cuckoo tribes has been derived from close 
examination of the egg pattern. The 
situation is analogous to that in finger- 
prints. There is so much variability in 
spotting and coloration, but constancy 
in the product of one female, that indi- 
vidual identification often can be made, 
and the egg-laying history of particular 
birds can be satisfactorily followed if 
one persistently searches out the nests of 
all conceivable hosts in a restricted area. 
But, in spite of the remarkably wide 
range of individual variability of egg 
pattern, there are common elements in 
the pattern of each tribe, or gens; and 
these mimic in some considerable mea- 
sure those of the host species of that 
gens. Often the mimicry is so exact 
that the cuckoo egg can be distinguished 
on first inspection from those of the host 
only by the texture of the egg surface 
or by the thickness of the shell. 

Edgar Chance (The Cuckooes Secret, 
1922; The Truth about the Cuckoo, 
1940) deserves credit for establishing 
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many critical facts about cuckoos. He 
followed the activities of a single female 
cuckoo for five seasons, finding her 
strictly limited to the meadow pipit 
{AntJius praiensk) as a host, except 
when he manipulated the supply of 
usable nests and was thus able rarely 
to force her to try other species. 

Such a cuckoo maintains a definite 
territory, driving off other females ; and 
she seems, as far as is known, to have 
one male in attendance — a principal 
spouse, if not an exclusive one. Main- 
tenance of the egg mimicry of each tribe 
would require that the male be a member 
of the same tribe. We do not know how 
egg patterns in cuckoos are inherited, 
but it is highly probable that the pat- 
tern factors are transmitted both by 
male and female, not exclusively through 
the female in the Y chromosome peculiar 
to that sex. Under such conditions, the 
interest of the male in the same host as 
that concentrated upon by the female 
would be important. Definite pairing, 
within the gens, and territorial establish- 
ment in territories of the host species 
would tend to hold the gens intact and 
preserve the mimicry of the eggs in the 
tribe. Mimicry has been observed to 
break down in individual instances, we 
may suppose either because of cross-mat- 
ing between gentes or through failure of 
a female to find a nest of her normal host 
when she is ready to lay. Presumably, 
the more frequent elimination of these 
misfit eggs by the hosts supplies the 
selective pressure that maintains the 
mimicry. 

Territorialism in the cuckoo has yet 
another advantage. Only one cuckoo 
can be raised in a given nest, owing to 
the special reactions and requirements 
of the young. Hence, if two cuckoos lay 
in the same nest, one egg, or the young 
hatched from it, is sure to fail. In the 
economy of the species it is disadvan- 
tageous for females of the same gens 
thus wastefully to duplicate effort. Ter- 


ritorial antagonism insures that this will 
not take place. 

We may return for a moment to spec- 
ulate on how it happens that young 
cuckoos return to parasitize the host spe- 
cies by which they were raised, for they 
must usually do this or the entity of the 
gens would be lost. Possibly cuckoos of 
different gens respond differently to the 
call notes, sight, and other actions of 
various potential hoste. That is, there 
.may be some inherited recognition reac- 
tion peculiar to each gens. More likely, 
however, is the view that recognition of 
the host species is learned by each cuckoo 
in the long period when as a juvenile it 
is fed by that host. Attachments to ani- 
mate objects other than their own par- 
ents, which are formed early in their 
lives, have been repeatedly observed in 
captive young birds of species with nor- 
mal breeding behavior. It is to be ex- 
pected that the migrant yearling cuckoo 
returning to its home range would evince 
an interest in the actions of its foster 
parental species, respond to its notes, and 
follow the course of its nuptial and 
nesting procedure. The response to its 
cuckoo mate, on the other hand, would 
have to be purely a matter of instinct— 
an inherited affair. 

Mr. Chance devised a plan of study 
wherein he destroyed the nests of the 
host within the territory of the cuckoo 
on such a schedule that only one nest 
would be available in the proper condi- 
tion when the cuckoo wms ready to lay. 
Host specificity and territorialism made 
this feasible in the cuckoo, whereas it 
would not be so with North American 
cowbirds. By cultivating and managing 
the nest supply, Chance was able to be at 
the nests when cuckoos laid and to take 
critical motion pictures. 

The following are the events in his 
story: A female European cuckoo lays 
every other day in the afternoon. The 
appropriate nests are found by watching 
and are visited in advance of laying, 
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mucli as in cowbirds. Before laying, the 
bird sits motionless on a lookont for an 
hour or two. This long period of wait- 
ing and attention to the intended nest is 
evidently the period when the egg is 
moving to the lower part of the oviduct; 
in fact, probably into the terminal cham- 
ber, the cloaca. She is then ready for a 
rapid and remarkable delivery. A few 
seconds before laying she glides down 
to the nest without wingbeats, in a pecu- 
liar, steady glide, suggesting that any 
undue exertion in the air might cause 
premature ejection. She alights on the 
nest and, because usually too large for it, 
crouches flat over it and drops or rolls 
the egg into the nest cup. In domed 
nests the cloacal area is merely pressed 
to the entrance, while the bird flutters 
and clings and the egg is projected in- 
ward. 

Two attributes of the egg doubtless 
are important in this connection. First, 
it is small for the size of the cuckoo. It 
is but 3 percent of the body weight, com- 
pared with a normal of 9 percent. The 
laying of a small egg should be easier 
to control and to accomplish rapidly. 
Seven or eight seconds is the minimum 
time taken. Second, the egg is thick- 
shelled so that it can withstand rough 
treatment in deposition. Both these fea- 
tures are otherwise important in mimicry 
and in withstanding host attacks. The 
thick shell may have been an attribute 
that appeared incidental to reduction in 
size. The runt eggs occasionally laid by 
other birds are usually thick-shelled. 
The shell glands are equipped to deposit 
a certain amount of shell; if, then, a 
small ovum is presented, these glands 
seem to overload it with shell. 

One of the most persistent myths about 
the European cuckoo is that it lays its 
egg on the ground and then carries it in 
the bill or within the mouth and thus 
places it in the host’s nest. Several bits 
of circumstantial evidence have contrib- 
uted to this untenable belief. A cuckoo 


takes an egg from the host’s nest as it 
arrives to lay, not before or after, as in 
the cowbird. While laying, it holds the 
host’s egg in its bill and, following lay- 
ing, it flies away conspicuously carrying 
the egg. The laying of its own egg is so 
rapid, and direct laying in domed nests 
seemed so unlikely, that lack of critical 
observation and the improbability of the 
true action maintained the erroneous be- 
lief. Chance’s motion pictures of the 
behavior were decisive. 

An extraordinary behaviorism, which 
has been repeatedly verified, is the action 
of the young cuckoo in ejecting its nest- 
mates. Soon after hatching and while 
blind and largely naked, the young 
cuckoo thrusts itself beneath any object 
it comes in contact with in the nest, bal- 
ances the object, young or egg, on its 
peculiarly flattened and depressed back, 
braces it with its stubby wings thrust 
backward and upward, and clambers 
with its load up the edge of the nest. 
At the rim it gives a sudden lurch and 
pitches its nestmate out. This instinct 
subsides after about four days, as found 
by testing older cuckoo nestlings. 

Expulsion of nest competitors as a re- 
finement in parasitism is doubtless espe- 
cially necessary in a bird the size of the 
cuckoo. So large a bird could scarcely 
keep pace in development with the 
smaller host young. Also, if it is to 
grow adequately it must have the entire 
food ration which the small host species 
can deliver. Ludicrous indeed is the 
feeding of the giant cuckoo when it has 
attained its full growth, is out of the 
nest, but is still dependent. Small war- 
blers which may be its foster parents have 
been seen sitting on its shoulders or 
clinging to its neck in order to reach its 
gaping mouth with the food. The hosts 
are occupied so long with raising the 
cuckoo that there is no time for subse- 
quent nesting and, accordingly, they 
may raise none of their own young in 
that season. The parasite is here a 
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serious drain on the propagation of the 
host species. 

The American cuckoos afford some 
clues to the origin of parasitism. In the 
nonparasitic members of the cuculine 
order, one notes instances of weakness 
in nestbuilding instincts — ^the nests are 
poorly built almost to the point of inade- 
quacy. Irregularity in laying is another 
feature. Eggs are deposited at long and 
various intervals, as in the ease of the 
California road-runner, where they may 
be laid in the nest after young from the 
first eggs have hatched and are half- 
grown. The timing of the series of re- 
productive instincts is thus poor. This 
leads to the occasional deposition of eggs 
in nests of other species of birds when 
their own nests have, through inade- 
quacy, become destroyed, or when eggs 
are produced after their own nests are 
crowded with young. One group of 
species, the Anis, have become communal 
in their nesting, several pairs building, 
tending, and laying in a single nest. The 
communal group as a unit is territorial, 
driving off foreign members of the species. 

There is ample background then for 
development of parasitism through en- 
forced scattering of eggs ; such pro- 


cedure, if successful in yielding young 
cuckoos, might comparatively soon be- 
come the normal pattern of action. Un- 
like the eowbirds, the breakdown of nor- 
mal behavior was not loss of territorial- 
ism but abandonment of eggs. This type 
of parasitic evolution has been termed 
egg parasitism to contrast with nest 
parasitism wherein the eowbirds, with 
diminished interest in territory, became 
overconcerned with nests and initially 
stole them for their own use. The end 
stages, as we have seen, have much in 
common, although they are not as similar 
in detail as was once supposed. 

Resort to parasitism under several sets 
of circumstances has not presented great 
evolutionary difficulties, although its ap- 
pearance seemingly has depended on the 
presence of some essential preadaptations 
that chanced to be available. Having 
once taken the decisive step and become 
dependent, the parasitic species may 
have added refinements, such as rapid 
delivery of eggs, killing of competing 
young, and mimicry of egg pattern. In 
these respects cuckoos are vastly greater 
specialists than eowbirds, but they prob- 
ably have been practicing parasitism for 
a much longer time. 



THE DEVELOPMENT OF THE 
CONCEPT OF HEAT— IF 

FROM THE FIRE PRINCIPLE OF HERACLITUS THROUGH 
THE CALORIC THEORY OF JOSEPH BLACK 

By MARTIN K. BARNETT 


Development of the Caloric Hypothe- 
sis. As a matter of fact, the calorie 
theory was scarcely in need of the sup- 
port coming to it by virtue of the popu- 
larity of Newton’s emission theory of 
radiation, for the hypothesis of an im- 
ponderable heat fluid was already prov- 
ing most fruitful in explaining '^mixture 
experiments,” as well as the phenomena 
of liquefaction and vaporization. And 
if these investigations appear as over- 
whelmingly important not only for the 
heat concept but for thermodynamics 
generally it is precisely because, in them, 
attention is concentrated on that par- 
ticular aspect of changes which we now 
characterize as 'Hheir initial and final 
states,” an attempt being made to define 
the imponderable heat fluid in such a 
manner that it will appear as quantita- 
tively conserved in the processes in 
question. 

‘‘Mixture experiments” were not new 
to the eighteenth century; indeed, Re- 
naldini (1694) had already employed 
mixtures of boiling and freezing water 
in varying proportions for the purpose of 
thermometer graduation. However, the 
mixture experiments of Fahrenheit, car- 
ried out at the request of Boerhaave 
(1732), were viewed from an entirely 
new standpoint: the thermometer scale 
was regarded as already given, the final 
reading of the thermometer being inter- 
preted as indicative of the amounts of 
heat contributed to the mixture by the 
constituents. Fahrenheit found that two 

* Oontinned from page 172 of preceding issue. 


equal volumes of water at different tem- 
peratures attain, on rapid mixing, a tem- 
perature which is the arithmetical mean 
of the two initial temperatures,^^ but that 
when equal volumes of water and mer- 
cury at different temperatures are mixed, 
the temperature of the mixture is higher 
or lower than the arithmetical mean, de- 
pending on whether water is the warmer 
or colder constituent. Only when two 
volumes of water were mixed with three 
of mercury was the final temperature 
found to be the arithmetical mean of the 
initial temperatures. 

The standpoint which Boerhaave as- 
sumes in attempting to explain Fahren- 
heit’s experiments is typical of the fluid 
theory adherents. He regards, as a fun- 
damental axiom, the proposition that 
there exists an imponderable, indestruc- 
tible fluid which, in the mixture experi- 
ments, merely suffers redistribution. 
The fundamental question then becomes : 
How was this fluid distributed between 
the different bodies before mixing! 
From the viewpoint of historical criti- 
cism, Boerhaave ’s fundamental question 
is seen to amount to just this : How may 
the imponderable fluid be defined so as 

11 Strictly speaking, if tke final temperature 
is the arithmetical mean of the initial tempera- 
tures when one thermometer is employed, it will 
not he so when another thermometer, employing 
a different thermometric substance, is used in- 
stead, unless the expansion of the first thermo- 
metric substance is proportional to that of the 
second. The appreciation of this fact had to 
await the exhaustive investigation of thermo- 
metric scales by Bulong and Petit (1817). 

247 
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to satisfy the axiomatic requirement of 
conservation? 

Fahrenheit’s experiments revealed one 
■weight of water to have the same heating 
effect, per degree change of temperature, 
as twenty weights of mercury. Al- 
though his experiments had, at the 
same time, revealed that two volumes of 
water are equivalent to three volumes of 
mercury, Boerhaave, no doubt preferring 
to attribute to experimental error the 
deviation of three-halves from unity 
rather than that of twenty, sees fit to 
state that heat is probably distributed 
between bodies at the same temperature 
in accordance with their volumes. Thus 
we see that Boerhaave ’s heat fluid was 
endowed with precisely those properties 
which, more than two thousand years 
earlier, were attributed to the Bleatic 
Being, namely, corporeality (space-fill- 
ing) , homogeneity (uniform distribu- 
tion), and indestructibility.^^ 

Confusion of Temperature and Seat, 
In the thought of Boerhaave we can de- 
tect a confusion of the intensity and ca- 
pacity factors of heat which was quite 
prevalent in his day. This had already 
been evident in the case of Newton 
(1701), who thought that the ‘‘heat’’ of 
a hot body must be proportional to its 
“heat loss” and, at the same time, con- 
sidered the readings of his actually arbi- 
trary thermometric scale to be a measure 
of the latter and therefore, he thought, 
of the former as well. When Boerhaave 
decides, as a result of the mixture ex- 
periments, that heat is probably distrib- 
uted according to volume, he thinks this 
view substantiated by the fact that bod- 
ies in contact come to a common tempera- 
ture, thus revealing his confusion be- 
tween uniform temperature and uniform 
distribution of heat. 

The same confusion in terminology 

12 ^0 be sure, the analogy is not perfect, for 
Boerhaave lid not deny the existence of a vac- 
nnm nor that of matter or fluids, other than 
calorie. 


exists in the writings of Eichmann 
(1750), who attempted to give mathe- 
matical formulation to the results of 
mixture experiments employing different 
quantities of the same substance.^® He 
does not distinguish between tempera- 
ture and quantity of heat but refers to 
both as “heat” (calor). On the basis of 
experiment and theoretical considera- 
tions, he stated that the “heat” of a 
mass m on being distributed between the 
masses m and m' yields the “heat” 
m ^t/(m + w'), so that if two masses 
m and m' with “heats” it and u\ respec- 
tively, are mixed, the resulting “heat” 
is (mtt + mV)/(m + m'). In general, 
when masses m, m', . . . of “heats” 

Uy u' y u'% . . . are mixed, the final “heat” 
will be 

jj ^ ^ + m"u" + . . . 

w + m" + m" + . . . 

The close relation of Eichmann ’s 
product to our “quantity of heat” is 
obvious. We must also accredit him with 
a certain insight into the relative nature 
of his measurements, for he states that it 
is not the “absolute heats” but only the 
excesses over the zero point of his ther- 
mometer that come into consideration. 

Prom the appearance of masses in his 
formula, we might suppose that Eich- 
mann leaned to the opinion that heat is 
distributed according to mass. This 
does not seem to have been the case, al- 
though he disproved Boerhaave ’s asser- 
tion that the rate of cooling of a body 
is inversely proportional to its density 
by observing that a body of mercury 
cooled more rapidly, also was heated 

13 Kraft (1746) bad already made an attempt 
in this direction when be advanced for Z7, the 
final temperature of a water mixture, the empiri- 
cal formula 

11 m 4- 8 

nw+TiJv' 

where u and denote the initial temperatures 
of the bodies of water of masses m and w', re- 
spectively. The asymmetry of Kraft ’s formula 
must have been due to experimental error. 
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more rapidly, than lighter bodies of the 
same size, shape, and initial temperature. 
However, in his mixture experiments with 
water, he considered the experimental 
error due to the heating of flask and ther- 
mometer to be eliminated by regarding 
these as replaced by the same volumes of 
water. 

Classic Work of Black. By definitely 
distinguishing between ^^heat” and 
'^temperature’’ and by the introduction 
of the "heat capacity” and "latent 
heat” concepts, Joseph Black 
probably did more than any other man 
to convert confusion into order in this 
most important domain of physical sci- 
ence. He begins, in a thoroughly em- 
pirical, yet critical, vein by pointing out 
that the well-known truth that "all bod- 
ies communicating freely with each other, 
and exposed to no inequality of external 
action, acquire the same temperature as 
indicated by a thermometer,” is really 
a remarkable experimental fact which 
could not have been predicted from any 
known relation of each of the bodies, 
separately to heat. This fact, which had 
previously been referred to as the 
"equality of heat,” Black wisely prefers 
to call the "equilibrium of heat,” since 
it is not heat equality but temperature 
equality which is involved. Boerhaave’s 
view, also adopted by Muschenbroek, 
that two bodies of equal volume and at 
the same temperature contain the same 
heats, he recognizes as an instance of con- 
fusion between the quantity and in- 
tensity factors of heat. Nor is the heat 
required to raise different bodies through 

14 Black posthumous Lectures on the Ele- 
ments of Chemistry, which contained his ideas 
on heat, was not published till 1803. However, 
a surreptitious publication, containing an ac- 
count of his views, appeared in London in 1770. 
Moreover, after 1760, he disseminated his views 
among his students orally by means of his lec- 
tures (11, ii, p. 161), In this way, many of 
Black ^s ideas became dissociated from the name 
of their originator (4, p. 180). 


the same number of degrees proportional 
to their density. Fahrenheit’s experi- 
ments clearly show that "the same quan- 
tity of the matter of heat has more effect 
in heating quicksilver than in heating an 
equal measure (volume) of water. . . . 
Quicksilver, therefore, has less capacity 
for the matter of heat than water . , , 
has”; in fact, mercury has only two- 
thirds the capacity for heat that water 
has.^® Heat, then, is distributed in a 
body, neither according to the body’s 
mass nor its volume but "according to 
its (the body’s) particular capacity, or 
its particular force of attraction for this 
matter.” 

Several investigators on the Continent 
were led to ideas similar to Black’s. 
With Wilke (1781), the heat capacity 
notion finds expression in the statement 
that every body is equivalent to some 
quantity of water at the same tempera- 
ture, i.e., the given body will have the 
same effect as its equivalent quantity of 
water in raising the temperature of a 
definite quantity of water through a defi- 
nite temperature interval.^® 

Lambert (1775), like Black, dis- 
tinguishes between quantity of heat 
{Menge der Warme) and its inten- 
sity (Kraft or Starke der Warme). 
For bodies of the same substance at the 
same temperature, the first, he says, is 
proportional to the volume of the body, 
but the same quantity of heat has in bod- 
ies of different substances of the same 
volume a different force. Lambert re- 
garded heat as consisting of "fire-par- 
ticles” (Feuerteilchen) and described 
the Boerhaave-Fahrenheit experiment by 
stating that three "fire-particles” in 
water had the same "force of heat” as 

15 Black observes that this fact also explains 
why, if equal volumes of water and mercury are 
placed at the same distance before a fire, the 
mercury warms faster, and when the fire is re- 
moved, cools more rapidly, than the water. 

16 To "Wilke is due the introduction of the 
term specific heat,^' which was suggested by 
the analogy with specific gravity (11, ii, p. 159). 
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two '^fire-particles’’ in an equal volume 
of mercury. From his own observations 
of the temperature equalization between 
a liquid contained in a thermometer and 
a second liquid into which the ther- 
mometer was introduced, he concludes 
that four "fire-particles” have the same 
heating effect in mercury that six in the 
same volume of alcohol, and seven in the 
same volume of water, have. 

Concept of Latent Seat, Quite as 
epoch-making as his ideas concerning 
heat capacity, was Black’s extension of 
the heat concept to changes of state 
(liquefaction and vaporization) by means 
of the notion of "latent heat.” When 
Black first took up the study of these 
phenomena (around 1760), only one kind 
of heat was recognized, namely, "sensible 
heat”; in other words, it was assumed 
that the addition or subtraction of heat 
to or from a body must, in every case, 
make itself evident by a change in the 
reading of a thermometer in contact with 
the body. Black demonstrated, with con- 
siderable finality, that this view, in the 
light of observed facts, was quite un- 
scientific and untenable. Thus, he notes 
that in the case of fusion, if the accepted 
view be correct, a body of ice at the freez- 
ing temperature would be converted, 
wholly and instantaneously, into liquid 
by the smallest addition of heat. But the 
well-known slowness of the melting proc- 
ess shows us that this never happens. To 
confiLrm his opinion, Black suspended a 
body of ice and a body of cold water in 
a warm room and noted the changes in 
temperature of each. The temperature 
of the water rose continuously, but that 
of the ice rose to the freezing point, re- 
mained there until fusion was complete, 
then again rose continuously. The ex- 
periment, says Black, reveals clearly that 
during fusion heat is absorbed without 
change of temperature, since the body of 
ice and the body of water were both re- 
-ceiving heat under exactly the same ex- 


terior conditions. This was substanti- 
ated when he detected a stream of cold 
air descending from the ice during fu- 
sion, this being correctly described as air 
which had given up its heat to the ice. 
On solidification of the melted ice, Black 
reasoned that the same heat must be 
liberated which had been absorbed on 
fusion (Principle of Conservation of 
Heat). The liberation of heat on freez- 
ing was ably proven by reference to the 
supercooling and subsequent solidifica- 
tion of water accompanied by the rise in 
temperature of the mixture to the freez- 
ing point, a phenomenon known to 
Fahrenheit. The sudden rise of tem- 
perature shows, says Black, that it is not 
the loss of "sensible,” but that of "la- 
tent,” heat which is the condition of 
freezing. 

From these experiments Black feels 
himself forced to conclude that the addi- 
tion of "latent heat” at constant tem- 
perature is the "principal and most im- 
mediate cause of fluidity,” whereas the 
subtraction of the same is the cause of 
solidity.^^ 

Black gives added weight to his views 
by determining the heat of fusion of ice 
by two different methods. The first was 
based on the observation already referred 
to: a body of ice and a body of water, 
each at the freezing temperature and of 
known weight, were placed in a warm 
room, and from the rise in temperature 
of the water, the amount of heat absorbed 
by the ice during fusion was readily cal- 
culated. The second method was mod- 
eled after the mixture experiments of 
Boerhaave and Fahrenheit : a small piece 
of ice at the freezing point was intro- 

17 Some investigators of this time, e.g., Mn- 
schenbroek, adopting an ancient view of Democ- 
ritus, held that water was a fluid not by virtue 
of heat imparted to it but because of an ^ ^ essen- 
tial quality, depending upon the supposed 
spherical shape of its particles. Freezing, they 
supposed due to the addition of '^frigorific par- 
ticles,^^ a view supported, in the case of water, 
by the increase in volume on freezing (4, p. 33). 
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dnced into a large body of warm water 
and the fall in temperatnro of the water 
during fusion noted. This with the 
weight of the water gave the heat ab- 
sorbed by the ice which, divided by the 
initial weight of the ice gave the heat of 
fusion per unit weight. When we con- 
sider that this determination was being 
made for the first time in the history of 
physics, Black’s value of 77 calories per 
gram for the latent heat of fusion of ice 
appears remarkably close to the modern 
value. 

Black advanced exactly similar views 
to account for the facts of vaporization 
and liquefaction. Entirely unacquainted 
with any notion of ^ latent,” as opposed 
to “sensible,” heat many of Black’s 
predecessors had held that the bubbles 
of gas which are generated in, and sub- 
sequently expelled from, a boiling liquid 
are bubbles of heat itself, and that the 
temperature of the liquid does not rise 
simply because this heat passes through 
the liquid instead of being absorbed. At 
the same time, others maintained that the 
bubbles were those of air. Black’s care- 
ful reasoning, coupled with shrewd ob- 
servation and cleverly designed experi- 
ments brought order into this wilderness 
of confused ideas. Having identified the 
bubbles as those of the vapor of the 
liquid, he shows that the constant tem- 
perature during vaporization is consis- 
tent with only one assumption, namely, 
that the absorption of “latent heat” is 
the cause of the formation of vapor, just 
as it had been the cause of fusion or 
liquidity. Indeed, says Black, if this 
were not the ease, the liquid on reaching 
the boiling point, would, on the addition 
of the smallest quantity of heat, explode 
into vapor. Black’s analysis of vaporiza- 
tion also explained why hot water, on 
being brought to boiling by subjecting it 
to reduced pressure, experienced a sud- 
den and decided cooling, a phenomenon 
first noted by Boyle. 

Black determined the heat of vaporiza- 


tion of water and then checked this 
against a determination of the heat of 
liquefaction, which, he correctly rea- 
soned, should be equal to the former. 
The first was determined by steadily 
heating an initially cold body of water 
until vaporization was complete. By 
assuming that the rate of heat absorp- 
tion during boiling was the same as that 
before the boiling point was attained, he 
was able to calculate, from the time 
elapsing during boiling, the latent heat 
of vaporization. The heat of liquefac- 
tion was measured by distilling a definite 
quantity of water into a known quantity 
of cooling water whose rise in tempera- 
ture was noted. In another experiment 
the water was distilled into an ice calo- 
rimeter and the weight of melted ice 
noted. Black’s first values for the heat 
of vaporization of water were too low 
(445, 456 calories per gram). James 
Watt, his famous student and assistant, 
introducing several refinements, con- 
cluded that the correct value lay between 
495 and 525 calories per gram, values 
which compare favorably with the ac- 
curate value, 536, obtained over half a 
century later by Regnault. 

Speculations on the Absolute Zero. 
Black insisted that hot and cold were 
purely relative terms and stated that 
there was no evidence for any lower limit 
of the temperature scale. Irvine and 
Crawford (1778), on the other hand, 
regarded the fusion experiments as sup- 
plying data for the determination of the 
absolute zero, i.e., the temperature cor- 
responding to the state of zero heat con- 
tent. Instead of regarding the latent 
heat of fusion as simply the direct cause 
of fluidity, as Black had done, they 
reasoned that, since the heat capacity of 
water is greater than that of ice, the 
latent heat must represent the net excess 
of total heat of the water at the freezing 
temperature over that contained in the 
ice at the same temperature. This as- 
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sumption, coupled witli the supposed in- 
variability of beat capacity with tem- 
perature, provided all that was neces- 
sary for the calculation of the absolute 
zero of temperature. Thus if c and c' 
be the beat capacities (specific) of water 
and ice, respectively, and the absolute 
zero be t degrees below tbe freezing point, 
tbe view of Irvine and Crawford requires 
that Q, tbe beat of fusion, be given by 
tc' 

Substituting Q = 80, 2c' = c, we obtain 
t « 160, i.e., tbe absolute zero is at - 160® 
C. Further, this view requires that tbe 
beat of fusion decreases with decreas- 
ing temperature. Thus, for ice, if T be 
tbe Centigrade temperature, we have 

Q = 4 ( 160 + r). 

Dalton, who also adopted this view, 
showed that tbe same reasoning, applied 
to tbe beat of fusion of mercury, gave 
tbe absolute zero as - 2021° C. Gadolin, 
adopting similar assumptions to account 
for the beat developed on mixing two 
liquids at tbe same temperature, found 
that tbe beat of solution of sulfuric acid 
in water indicated tbe absolute zero to be 
between - 830® C. and ~ 1720° C. Still 
other “absolute zeros were calculated 
from other mixture experiments and 
from tbe beat of chemical reactions.^® 

Specific Beat Determinations, Through 
introduction of tbe concepts beat capae- 

18 As Maeh (10, p. 168) notes, even though 
the assumption that the heat of fusion repre- 
sents the net excess of the heat of the liquid 
over that of the solid at the freezing tempera- 
ture, along with that of the invariability of heat 
capacity with temperature, be accepted, still the 
data need not necessarily he regarded as indica- 
tive of an absolute zero: if the temperature 
calculated be assumed to be that at which the 
heat of fusion in question assumes a zero value, 
then one may assume, equally well, that below 
this temperature the heat of fusion acquires 
negative values. Indeed, such a point of view 
would have eradicated the apparent discrepan- 
cies between the different absolute zeros, 
since there would be no reason for supposing 
that all substances exhibited a zero heat of 
fusion at one and the same temperature. 


ity and latent beat, Black provided a 
secure theoretical basis for tbe measure- 
ment of quantities of beat, and bence 
specific beats, by two distinct methods, 
tbe method of mixtures and the method 
of melting ice. Black himself deter- 
mined a number of specific beats, but 
most of the determinations date from 
those of Irvine (1763), Black’s student, 
who measured the specific beats of mer- 
cury, glass, iron filings, and numerous 
other substances by tbe method of mix- 
tures.^® 

Wilke (1772) employed tbe ice calo- 
rimeter for the measurement of specific 
heats as also did Laplace and Lavoisier 
(1780). To tbe latter is due tbe recog- 
nition of tbe general variation of spe- 
cific beat with temperature and tbe reali- 
zation that the specific heat can be pre- 
cisely defined only by means of tbe cal- 
culus. They thus wrote : s = dQ/dt. They 
are with Black in refusing to assume any 
absolute zero of temperature, nor do 
they accept tbe view that the heat of a 
chemical reaction is to be attributed 
generally to tbe difference in heat capaci- 
ties of reactants and products. 

The first accurate measurements of 
specific heats were those of Dulong and 
Petit (1813), who employed the water 
calorimeter. They confirmed tbe varia- 
bility of specific heat with temperature, 
already observed by Laplace and Lavoi- 
sier. They also discovered (1819) the 
law, for which they are best known, that 

19 Let m and m' be, respectively, tbe mass of 
tbe body introduced and the water value of tbe 
calorimeter in grams of water. Then if tbe 
initial temperatures of body and water calo- 
rimeter are t and t', respectively, whereas tbe 
final common temperature is we have 

from which 5, the specific heat of the substance 
composing the body in question, is determined. 

Again, if a body of mass m, specific heat s, 
and temperature t causes by its introduction 
into the ice calorimeter the melting of grams 
of ice, we have 

mst “ 80|a 

from which s may be calculated. 
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the atomic heat capacities of most solid 
elements have approximately the same 
value, namely, about six calories. A 
similar generalization for the molecular 
heats of certain classes of solid com- 
pounds V7as later discovered by Neu- 
mann (1831). 

The determination of the specific heats 
of gases have a special significance for 
the history of thermodynamics because 
it was to bodies in the gaseous state that 
the first and second laws were first de- 
veloped analytically. The first attempts 
in this direction were those of Crawford 
(1778) who introduced heated metal 
cylinders, containing weighed quantities 
of the gases, directly into a calorimeter. 
The results were unsatisfactory because 
of the relatively small weights of gas 
employed and the consequently small 
heating effect of the gas.^^ Laplace and 
Lavoisier (1784) remedied this by 
sweeping a large quantity m of gas 
through the coiled tube of an ice calo- 
rimeter, noting the fall of the tempera- 
ture of the gas 6 and the weight p of 
ice melted. Then ms9 = 80 p, where s is 
the specific heat of the gas. 

Clement and Desormes (1819) filled 
the same flasks with different gases, in 
turn, at the same temperature and pres- 
sure, and introduced it into the water 
calorimeter, whereupon the heat capaci- 
ties of these masses of gases were placed 
proportional to the times required to 
warm the gases through the same tem- 
perature interval. 

The first accurate measurement of 
specific heats of gases were those of 
Dalaroche and Berard (1813). The gas 
at temperature Ui and constant pressure 
was led at the rate of m grams per min- 
ute through the coiled tube of a water 
calorimeter where it was cooled to U 2 , 
If a steady state has been reached, indi- 

20 Thus Crawford found, for the specific heat 
of air, 2 calories per gram ( ! ) . Lavoisier and 
Laplace, with their much improved method, got 
0.33, the correct value being 0.2374. 


cated by a constant temperature of the 
calorimeter, the latter must be losing 
heat to the surroundings at the same rate 
at which it is absorbing heat from the 
gas. Hence, if the water value of the 
calorimeter (at the constant final tem- 
perature) be w and if the calorimeter is 
Imown to cool at the rate of per 
minute, when no gas is supplied, then 
ms(ui-U2) = wv^ 

where s is the specific heat of the gas. 

Delaroche and Berard "s experiments 
indicated that different gases have dif- 
ferent heat capacities, but Haycraft 
(1824), refining their methods, thought 
he could conclude that equal volumes of 
different gases at the same pressure have 
equal heat capacities, a view supported 
later by Delarive and Marcet (1827). 
However, the most careful investigations 
of Regnault (1837), by the method of 
Delaroche and Berard, showed this to 
be true only for oxygen, hydrogen, and 
nitrogen, whose specific heats he also 
found to be independent of temperature. 
He was not able to detect any variation 
in the specific heats (unit weight) of 
gases with variation in pressure. 

We must note that some of the above 
methods yield the specific heat at con- 
stant volume, others the specific heat 
at constant pressure. The early workers 
in this field did not clearly appreciate 
the significance of this distinction, and 
the confusion arising from attempts to 
explain the discrepancy involved, along 
with that of the cooling of a gas in- 
curred on expansion as well as its heat- 
ing on compression, constituted a prin- 
cipal factor in the fall of the caloric 
theory and the enunciation of the First 
Law of Thermodynamics. 

Heat of Chemical Reaction. However, 
in the meantime, the caloric hypothesis 
was also demonstrating its great service 
in other branches of the phenomena of 
heat. Lavoisier, in researches carried 
out with Laplace on specific heats and 
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latent heats, had further demonstrated 
the great scientific value of these con- 
cepts, and he attempted to extend the 
idea of latent heat to account for the 
heat of chemical reactions. In this line 
of thought, caloric (calorique), though 
admittedly imponderable, nevertheless 
plays somewhat the role of a chemical 
element.^^ Since to convert solids to 
liquids, and the latter to gases, a great 
amount of caloric must be supplied, 
Lavoisier supposed that gases, air in par- 
ticular, contain the greatest amount of 
caloric. Accordingly, when a solid bums 
in air to form a solid oxide, Lavoisier 
supposes the caloric liberated to be that 
which was latent in the air, and states 
that the heat of combustion must be 
greatest when two gases combine to form 
a solid. He thus associates the libera- 
tion of caloric in a chemical reaction 
with the change of state of aggregation 
occurring (12, p. 27). However, in the 
case where both reactants and products 
are gaseous, he is forced to explain the 
heat effect as due to the difference in 
specific heats of reactants and products. 

The conviction that caloric is a con- 
servative quantity led Laplace and La- 
voisier to assert that the heat liberated 
when a system changes its state is equal 
to that consumed when the system goes 
through the reverse change, a generali- 
sation of the principle employed by 
Black in dealing with fusion and vapori- 
zation. This generalization, which La- 

21 Light (lumiere) and caloric (calorique) ap- 
peared at the very top of Lavoisier’s tahie of 
elements {tableau des substances simples), fol- 
lowed by the chemical elements known in his 
day. As older terms for caloric, he lists heat, 
principle of heat, igneous fluid, fire, matter of 
fire, matter of heat, but not phlogiston. Yet, 
in expounding his theory of combustion (1777), 
he states that calorie, as well as light, are 
evolved in every combustion, quite in the man- 
ner of the phlogistinians (17, p. 55). The 
essential point here is, of course, that Lavoisier 
recognizes that the liberation of the imponder- 
able calorie is only one aspect of combustion and 
is accompanied by combinations with the pon- 
derable oxygen of the air. 


place and Lavoisier were able to verify 
experimentally to a certain extent, later 
attained great significance in the work 
of Hess (1840) where it assumed the 
form that the heat liberated in a chemi- 
cal change is independent of the path of 
the change.^^ 

The caloric theory also served to 
clarify the phenomenon of cooling. As 
early as 1740, Martine had discovered 
deviations from Newton ^s Law of Cool- 
ing and these were verified by Kraft, 
Richmann, Leslie, and Dalton j in fact, 
the latter had proposed a new tempera- 
ture scale for which Newton’s law would 
be exact. The exact investigation of the 
rate of cooling of a body was first carried 
out by Dulong and Petit (1817). 
Whereas Newton’s treatment had been 
obscured by the confusion of tempera- 
ture and heat, Dulong and Petit, profit- 
ing by the advances instituted by Black, 
clearly distinguish between these two 
concepts. Adopting the fundamental 
notion of heat as a conservative quantity, 
they regard the net heat lost per unit 
time by a cooling body as equal to the 
excess of the heat radiated over that 
absorbed per unit time. The rate of 
heat radiation and absorption was, in 
turn, recognized as being dependent on 
the temperatures of body and surround- 
ings, on the form and extent of surface 
of the cooling body, on the total mass of 
the body, on the peculiar nature of the 
surface of the body (coefllcient of emis- 
,sivity), and on the nature of the sur- 
rounding medium (4, p. 504). 

Calorie and Heat Conduction, An- 
other great support of the fluid theory 

22 Tbe influence of Lavoisier ’s relegation of 
calorie to tbe same class as tbe cbemical elements 
’ is seen in Hess’s attempt to extend tbe law of 
multiple proportions to caloric, i.e., be tried to 
show that ^‘wben two substances combine in 
several proportions, tbe quantities of beat wMcb 
are produced in tbe formation of tbe different 
compounds stand to one another in multiple 
proportions” (13, p. 504). 
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was found in the firm foundation it pro- 
vided for the theory of heat conduction 
which attained its highest stage of de- 
velopment in the hands of Fourier 
(1822). The earliest problems in heat 
conductivity seem to have been associ- 
ated with the variation in temperature 
at the different points of an iron bar 
subjected to a constant source of heat 
at one end. The first attempt at a quan- 
titative treatment was that of Amontons 
(1703), who thought that the tempera- 
ture increased linearly with the distance 
from the cold end. To Lambert (1778) 
is due the realization that the ^‘steady 
state’’ attained by such a bar is really 
a dynamic one in which the heat gained 
by any element from the hot end equals 
the sum of the heat given up by the ele- 
ment to the surrounding air and that 
passed on to the colder part of the bar. 

The confusion of radiated heat and 
conducted heat was naturally associated 
with the confusion of emissivity and 
conductivity (often referred to as 
“outer,” or “surface conductivity,” and 
‘ ' inner conductivity, ” r esp ectively ) . 
Thus Franklin supposed that, if bars of 
different metals, but having the same 
dimensions, be coated with wax and all 
exposed, at one end, to the same source 
of heat, then the distances over which 
the wax was melted, in the steady state, 
would be proportional to their conduc- 
tivities for heat. Ingenhouss (1785) 
adopted this point of view and carried 
out the experiments. But J. T. Mayer 
(1791), reasoning that the best conduc- 
tors of heat should be those which lose 
their heat to the air most rapidly, con- 
cluded that Ingenhouss’ best conductors 
were actually the worst. 

The first sound theoretical treatment 
of the stationary state of a unilaterally 
heated bar is due to Biot (1804). He 
reasoned that, at any point, the heat 
gained from the hot end equals that lost 
to the air throughout the remainder of 
the bar, which, in turn, may be computed 


from Newton’s law of cooling. In this 
way, he deduced the law that, for dis- 
tances from the cold end which form an 
arithmetical progression, the correspond- 
ing temperature excesses over the sur- 
roundings form a geometric progression, 
also verifying it experimentally over a 
considerable temperature range. 

All of the laws of heat conduction 
were developed in a marvellously sys- 
tematic and comprehensive way by 
Fourier, working from 1807 to 1822, 
when his great Theorie anaZytique de l& 
Chaleur was published. He distin- 
guished clearly between heat capacity, 
emissivity, and conductivity, and formu- 
lated the first precise analytical defini- 
tion of the latter concept. His whole 
theory of conduction followed rigorously 
from a simple fact, taken as first prin- 
ciple: the quantities of heat exchanged 
between two parts of a conducting body, 
lying very close together, are propor- 
tional to their temperature difference. 
The solution of the problem of the dis- 
tribution of heat in a long bar in the 
steady state appeared as a mere detail 
in Fourier’s comprehensive elaboration: 
he showed that, assuming invariability 
of conductivity with temperature, the 
distances over which the wax was melted 
in Ingenhouss’ experiment were propor- 
tional not to the conductivities them- 
selves but to their squares. 

Although Fourier does not commit 
himself on the nature of heat, the latter 
concept appears in his equations pre- 
cisely as if it were an imponderable fluid 
which suffers change of distribution but 
never gain or loss in total quantity, and 
which strives to attain a uniform “tem- 
perature level” just as a ponderable 
fluid seeks a condition of uniform height 
above sea level. The fluid theory of elec- 
tricity had already been advanced in the 
eighteenth century by Franklin, Aepi- 
nus, Coulomb, and others; and Ohm 
(1826), impressed by Fourier’s work, 
conceived of the analogy between flow 
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of electricity and flow of heat. He 
argued that an analogue of the tempera- 
ture difference of Fourier’s theory 
should exist for electric currents and was 
thus led to formulate that most useful 
concept, electromotive force (^'electro- 
scopic force”). 

Caloric as Substance, With so many 
victories to its credit, it is not surprising 
that the caloric theory came to occupy 
a position of commanding influence and 
relative security, a position which it did 
not completely relinquish until the mid- 
dle of the nineteenth century. In par- 
ticular, the growing number of facts 
consistent with the caloric hypotheses 
had the effect of bringing increasingly 
into prominence the conviction that 
caloric was an actual substance. 

This is already evident in the ter- 
minology of Boerhaave who, by referring 
to heat by the Latin term ignis, re- 
veals the close relationship between the 
eighteenth century heat fluid and the 
Greek ” fire-matter.” 

It is significant that Black, who care- 
fully warned scientists against attempts 
at ultimate explanations in terms of 
hypothetical abstractions (15, pp. 282- 
285), nevertheless revealed, in his ter- 
minology, a firm belief in the substan- 
tial nature of caloric. For he refers to 
heat as ‘^matter of heat” and character- 
izes the “equilibrium of heat” by the 
very materialistic phrase “equality of 
saturation.” Moreover, adopting Cleg- 
horn’s assumption that caloric exhibits 
an attractive force, for different sub- 
stances, he identifies the heat capacity 
of a body as “its particular force of 
attraction for this matter.” 

Berthollet, to whom Ellis (2, p, 186) 
attributes the introduction of the term 
caloric, cautiously defined it simply as 
the “cause of heat” Lavoisier was, at 
times, equally careful, for he says (2, 
p, 186), “rigorously speaking, we are 
not even obliged to suppose that caloric 


is a real substance ; it suffices that it may 
be any cause whatever which separates 
the molecules of matter, and we can thus 
consider its effects in an abstract and 
mathematical way.” Yet the phraseol- 
ogy of this very excerpt (“we are not 
even obliged^^ to consider it a substance) 
indicates that Lavoisier considered it 
both natural and legitimate, even though 
unnecessary, to regard caloric as a “real 
substance.” That this was indeed his 
view is corroborated by his explanation 
of the explosive force of gunpowder : this, 
he said, is due to the sudden liberation of 
caloric, “that highly elastic fluid,” also 
by his reference to fusion as a process 
of “solution in caloric.” But the most 
convincing evidence of his belief in the 
substantial nature of heat is found in the 
circumstance that even after he had, by 
his investigation of combustion, banished 
phlogiston from science, he nevertheless 
continued to retain “caloric” in his 
table of chemical elements. 

Cleghorn and Black had endowed 
caloric with the fundamental Newtonian 
property of matter, that of attraction 
(for other kinds of matter), and Lavoi- 
sier had even placed caloric in his table 
of elements. From these circumstances, 
it is not surprising that some eighteenth 
century calorists thought that caloric 
possessed at least some mass (4, p. 32). 
Otherwise Rumford, a great opponent 
of the caloric theory, would hardly have 
considered it worth-while to carry out 
his investigation. An Inquiry Concern- 
ing the Weight of Meat (1799). He 
was able to show conclusively that calo- 
rie, if it exists at all, does not possess 
mass. 

After Rumford ’s investigations, all 
calorists recognized that caloric, like elec- 
tricity and magnetism, must be an im- 
ponderable. However, the property of 
weight had never been regarded as fun- 
damental, except insofar as it was im- 
plied by the postulated attraction of 
calorie for matter. A more fundamen- 
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tal property, which had been assumed 
from the beginning, was that of the elas- 
ticity and self -repellent nature ascribed 
to the heat fluid.^^ Thus Dalton (16, 
ii, p. 393) says that besides the force of 
attraction between particles, ^‘we find 
another force that is likewise universal, 
... a force of repulsion. This is 
now generally, and I think properly, 
ascribed to the agency of heat. An at- 
mosphere of this subtle fluid constantly 
surrounds the atoms of all bodies and 
prevents them from being drawn into 
actual contact.’’ Also Fourier speaks of 
‘‘the equilibrium which exists, in the 
interior of a solid mass, between the re- 
pulsive force of heat and molecular at- 
traction,” He also says that “heat is 
the origin of all elasticity.” 

This self -rep client property of caloric 
explained why the volumes of bodies 
quite generally increased on heating 
(at constant pressure). The anomalous 
cases of the fusion of ice and the contrac- 
tion of water between the freezing point 
and 4°C. were “explained” by refer- 
ence to analogous cases in mixtures of 
ordinary matter; e.g., the solution of 
water and alcohol, also that of copper 
in tin, and numerous chemical reactions 
are accompanied by a decrease in volume. 

Indeed, the magnificent edifice com- 
prising both theory and experiment, 
erected on the basis of the caloric hy- 
pothesis, must cause us to place it among 
the most fruitful hypotheses in the his- 
tory of science. However, in the mean- 
time, the facts of frictional and electrical 
generation of heat and the heating and 
cooling of gases on compression and ex- 

23 As early as 1733, the same property had 
been attributed to each of the two electric fluids 
by Dufay (11, ii, p. 201). 


pansion, respectively, were coming into 
increased prominence and were destined, 
after a battle of half a century, to bring 
about the fall of the fluid theory. This 
fall was coincident with the establish- 
ment of the First Law of Thermodynam- 
ics and, in many cases, with the revival 
of the kinetic theory of heat. 
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BASIC ENGLISH FOR SCIENCE 


By TOM BURNS HABER 

DEPARTMENT OP ENGLISH, OHIO STATE XTNIVERSITT 


The following letter (evidently not 
written to be posted) I found in the 
English notebook of one of my students 
in Freshman Composition: 

To THE Authors of A Textlooh of Botany: 

As a student in the botany course wbicb is 
given at our university, I have become familiar 
with your textbook and workbook which are used 
in connection with the course. I wish to inform 
you that I am having a great deal of difficulty 
with botany, and I believe your books are largely 
responsible. 

The purpose of botany, I believe, is to ac- 
quaint the student with the different types of 
plant life and to help him understand the growth 
and structure of plants. In my estimation A 
Texthoolc of Botany defeats that purpose. The 
average student is lost in the maze of difficult 
and highly technical language of your text and 
in the complexity of the demonstrations and 
problems in your workbook. For example, in 
describing the beginning of a leaf you state that 
‘ * development of a leaf begins with the pro- 
liferation of a primordium^' — ^without any pre- 
vious hint of what a primordium is I 

As a result of your heavy treatment of the 
subject, botany is dreaded and disliked by the 
majority of students on this campus. Many 
have failed the course because of this dislike — 
for which your boring textbook is largely re- 
sponsible. You have, in the eyes of many stu- 
dents, attached a stigma to the useful science 
of botany. 

The evident sincerity of this letter, I 
hope it will be agreed, entitles it to a 
fair hearing. What college freshman 
has not at some time or another felt a 
similar protest rising within him as he 
tried to advance through the maze of 
language between him and the subject 
he was studying? The writer of the 
above letter may pass her course in bot- 
any and give the lie to her fears. She 
may even go on to like botany. But what 
S' pity that she must arrive in spite of 
the language in which her textbooks are 


written. Much has been said on the 
teachers’ side of the diflSculty instructors 
of physics, of botany, and of chemistry 
have in getting their students interested 
in these branches of science. Perhaps 
the main reason lies not in reason mainly 
is not the students’ dislike for the sub- 
ject itself hut for the language in which 
the subject is presented to them. 

Too many college texts in science are 
burdened with an unnecessarily heavy 
style. The use of essential scientific 
words makes for economy j certainly the 
author is not expected to eschew them to 
the point of repeating long definitions. 
But why cannot he occasionally use 
^‘growth” instead of his beloved ^^pro- 
liferation ” ? ‘ ' Chain of events ’ ’ instead 
of ‘ ‘ series of concatenations ” ? Scaling 
oif” instead of ^‘desquamation”? It 
would seem that some authors of sec- 
ondary science texts think that unless 
they write in the style of Herbert Spen- 
cer’s definition of evolution, they cannot 
impress their readers with the impor- 
tance of their subjects; as if what is 
stated simply cannot be worth learning. 
Clear exposition is a craft which scien- 
tific writers ought to regard as highly as 
the validity of their ideas. Generally 
speaking, they seem not to be aware of 
its existence ; or, if they are, acknowledge 
it by keeping as far as possible from it — 
after the example of Professor Longbore, 
who used to open his science lectures each 
quarter with this warning, the only in- 
telligible sentence in his discourses: “I 
do not intend to make clear to you in 
twelve weeks what it took me fifty years 
to learn.” 

The style of Professor Longbore and 
his ilk is probably the result of a passive 
rather than an active state of mind. As 
268 
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one turns the pages of a ponderously 
written text in college zoology, for ex- 
ample, he begins to wonder whether the 
author may not have drifted into his 
style merely by following the course of 
least resistance. A polysyllabic style is 
a lazy style. It is easy to master the 
learned jargon of any science, and mas- 
tery of the jargon is too often mistaken 
by publishers’ readers for mastery of the 
subject. '^Easy writing makes cursed 
hard reading, ’ ’ observed Dick Sheridan ; 
and although laborious writing is not 
guaranteed per se to make easy reading, 
it has a good chance to, if the writer 
knows what he wants to say and tries 
hard enough to say it. My point is that 
it is downright hard work to express 
scientific concepts in a clear, mature 
style. And yet texts written for college 
students ought to be worth that much 
effort. 

For some writers, no doubt, there is a 
fascination in the weighty language of 
which my student complained. Thus the 
trap is baited and set for the author’s 
complete undoing : he lets words take the 
place of thought. He has seen these 
splendid terms so often ; they were right 
to him in the books he read. Are they 
not as good in his own ? He does not stop 
to ask what the words really mean, how 
he expects his reader to interpret them. 
If by any chance a conscientious student 
narrows his eyes and carefully examines 
this lingo, the result is usually a feeling 
of dismay like that expressed in the let- 
ter at the beginning of this article. 

Is there, for example, any reason why 
a book in psychology should be written 
in this style ? 

The apperception of self-motivation is a psy- 
chological fact. A concomitant phenomenon is 
the consciousness that the origin of this motiva- 
tion is internal and not external. 

Is not this what the writer means f 

The mind is conscious that it is self -moving; 
and at the same time, that the motion comes 
from -within itself. 


The last sentence above is written in 
Basic English. This simplified English 
ought to have an especial appeal to scien- 
tific writers because its discovery was 
analogous to the procedure of the scien- 
tist seeking basic principles in the nat- 
ural world. The originators of Basic 
English, sifting the thousands of words 
in our language, isolated 850 indispen- 
sable terms by which the meanings of the 
others could be expressed. For science 
an additional list of 100 words is pro- 
vided. 

The methods by which the Basic word 
list was determined can be tested by any- 
one who takes a dictionary in his hand. 
He will find in reading definitions that 
certain words keep returning time after 
time — ^usually little words such as go^ 
get, make, he, thing, name, trice, good, 
together with necessary conjunctions and 
prepositions. These words and others of 
their kind are the basic vocabulary of 
our language. They make a restricted 
common ground on which it is possible 
for writer and reader to meet with the 
least possible chance for confusion or 
mistake. In its inductive origin, as well 
as in its purposes, Basic English is scien- 
tific English. 

It is not urged here that all writers of 
college texts in science adopt at once the 
Basic English vocabulary. The Spartan 
simplicity of Basic, though it is the hand- 
maiden of truth, does not always serve 
other ideals as faithfully. Variety and 
subtlety, for example, are not main prop- 
erties of Basic. These virtues and other 
qualities of a pleasing style ought not to 
be lacking from the books our science 
students read. Nevertheless Basic Eng- 
lish could have a tonic effect upon these 
books. It could dispel much foggy think- 
ing, which is the real cause of bad writ- 
ing. If an author thought in Basic first, 
he would not write heliotropic inclina- 
tion toward the illuminating source.’^ 
He would see that the meaning of his 
first word is repeated needlessly in the 
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five that follow and might decide that his 
whole phrase could be put thus: ‘'turn- 
ing in the direction of the light’’ — ^whieh 
is good science and good Basic. No one 
can compose in Basic without having in 
his mind a pretty clear idea of what he 
wants to say. There are no superfluous 
terms in Basic to get between him and his 
manuscript. He will often be reminded 
that between his idea A and the words B 
that represent it there ought to be the 
same relation as between an object a held 
before a mirror and its reflection i. A 
true reflection requires a good mirror. 
Basic English has the makings of a good 
mirror because its vocabularly is level 
and impersonal — a plane reflector. Even 
though the scientific writer makes use of 
a larger vocabulary, if he keeps firmly 
in mind Basic equivalents as he composes 
his sentences, his writing will gain clear- 
ness, whatever words he finally chooses. 
And his readers — his students or his 
peers — ^will call him blessed. 

But there is another field of scientific 
writing where the need for Basic English 
is far more pressing. I mean the scien- 
tific books and magazines printed in this 
country and Great Britain. A great 
many foreigners before World War II 
were coming into English via Basic. 
Now as an international language Basic 
is gaining steadily in general esteem 
everywhere. Public interest in it was 
greatly stimulated by Winston Church- 
ill’s ardent approval of Basic at Harvard 
in 1943. No artificial language can 
meet the stern needs of an international 
tongue as Basic English can. First, it 
has behind it the compelling prestige of 
the Anglo-Saxon tradition; it “looks” 
like English and it is English, the vital 
heart and core of the language of 
Shakespeare and J eff erson. Basic is easy 
for the non-English speaker to learn. A 
few weeks’ steady effort under skilled 
direction can make an intelligent for- 
eigner at home in written and spoken 


Basic. The demand for books in Basic, 
both here and abroad, is on the upswing. 
It is one sign of the world-hunger for 
unity and commonalty among the peo- 
ples of our shrinking planet. 

In satisfying this hunger the place of 
science is nothing less than strategic. It 
remains for science to recognize some of 
the practical aspects of its position. 
Science, as an international agency, must 
create or adopt an intexmational tongue. 
The scientist today is faced with the 
problems faced by English traders 500 
years ago as they carried their goods and 
their language into the Seven Seas. 
Through necessity, between them and 
their brown-, black-, and yellow-skinned 
customers, a species of international lan- 
guage slowly developed. The barbarous 
pidgin (“merchant”) English of the Par 
East is a natural phenomenon brought 
into being by the needs of men grop- 
ing toward each other’s minds. These 
needs are a hundred times more impera- 
tive today. The very existence of the race 
may depend upon our finding right an- 
swers to them. Science, like trade, now 
has the earth as its province. More for- 
tunate than trade, science does not have 
to await the development of a crude, 
mass-made English. A scientifically 
evolved speech is at hand ; in the words 
of Mr. Churchill, “a very carefully 
wrought plan for an international lan- 
guage, capable of very wide transac- 
tions.” 

It is a truism to say that the great im- 
petus felt by scientific research during 
the past five years will continue and ac- 
celerate. Parallel with this step-up of 
activity in the ranks of the scientists is 
a keen public concern about what they 
are doing. Jet-propelled aircraft and 
atomic bombs have drawn the fearful at- 
tention of everyone to the laboratory of 
the technician. This public interest can- 
not be written off as mere curiosity. We 
are hearing it said on all sides ; Why, if 
the scientist is so expert in devising the 
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macliines of death and destruction, why 
cannot he turn his talents as effectively 
to the service of humanity ? This protest 
is admittedly naive: Burbank and Edi- 
son were scientists. But the protest still 
stands. Its ultimate meaning* is that 
everyone the world over wants to know 
what the scientist is about. 

Modern science has therefore a vast 
new’’ social responsibility wdiich it can- 
not ignore. The day of unadulterated 
^^pure’’ research is about over. Even 
though the scientist may not, like Ter- 
ence, agree that Everyman ^s business 
is my business, ’ ’ Everyman is telling the 
world and himself that ^'tlie scientist’s 
business is my business.” And Every- 
man pays the taxes and makes the grants 
that keep the scientist going. Every- 
man is a Chinese farmer, a Chicago busi- 
nessman, a French taxi driver, a Greek 
fisherman, a Bussian fur dealer. All 
these are invading the hitherto sacred 
confines of the technician’s laboratory. 
And they have a right to do so. 

In practi(‘al terms this means that the 
findings of the technician must be put on 
paper. Books must be written, articles 
contributed to scientific and lay journals. 
At present the chances are twenty to one 
that the native tongue of our hypothet- 
ical scientist will be English. Why 
should he not address himself to his 
world-wide audience in a truly interna- 
tional language — Basie English? 

Basie is surprisingly easy for the Eng- 
lish user to learn. With a little experi- 
ence a copy writer can translate a full- 
English draft into Basic about as i^apidly 
as he can compose. It is most desirable, 
of course, that the scientific writer pre- 
pare his own Basic version of his books 
and articles. Thus the thoughts of such 
authorities as Sir James Jeans, J. B. S. 
Haldane, Walter S. Landis, and Sir 
Arthur Stanley Eddington could go di- 
rectly to the minds of men all over the 
earth without the warped meanings and 
false emphases that lurk in translations. 


In facilitating this direct communica- 
tion between the writing scientist and his 
universal reader, the American and Brit- 
ish scientific journals have a place of 
unique importance. Their large circula- 
tion is a token of the immense service 
they can render to science and to human- 
ity. By the use of complete articles in 
Basic English and by special Basic edi- 
tions and supplements, they can directly 
interpret the findings of modern science 
to a circle of readers that in a very true 
sense is world-wide. In so doing they 
will be assuming their share in the large 
responsibilities borne by science in tlie 
world today. 

I wish to conclude by submitting a 
brief specimen of Basic translation. The 
original, which follows, was chosen from 
Sir Charles Lyell’s well-known Progress 
of Geology: 

(1) For more than two centuries the shelly 
strata of the Siibapcnnine hills afforded matter 
of sxjeeulation to the early geologists of Italy, 
and few of them had any suspicion that similar 
deposits were then forming in the neighboring 
sea. (2) Some imagined that the strata, so rich 
in organic remains, instead of being due to sec- 
ondary agents, had been so created in the begin- 
ning of things by the fiat of the Almighty. (3) 
Others ascribed the imbedded fossil bodies to 
some x)lastie power wliicli resided in the earth in 
the early ages of the world. (4) In ■what man- 
ner were these dogmas at length exploded? (5) 
The fossil relics were carefully compared Avith 
their living analogues, and all doubts as to their 
organic origin -were eventually dis^^elled. (6) So, 
also, in regard to the nature of the containing 
beds of mud, sand, and limestone : those parts of 
the bottom of the sea were examined AAdiere shells 
are noAv becoming annually entombed in iigav 
deposits. (7) Donati ex^fiored the bed of the 
Adriatic, and found the closest reseiiiblanee be- 
tween the strata there forming, and those Avhich 
constituted hills above a thousand feet high in 
various parts of the Italian peninsula. (8) He 
ascertained by dredging that living testacea were 
there grouped together in precisely the same 
manner as were their fossil analogues in the in- 
land strata; and while some of the recent shells 
of the Adriatic were becoming inernsted with 
calcareous rock, he observed that others had been 
newly buried in sand and clay, precisely as fossil 
shells occur in the Subapennine hills. 
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(1) Eoi* more than 200 years the shell layers 
of the small mountains near the Apennines had 
been a question for discussion among the persons 
in Italy who first became interested in the 
science of the earth’s history as recorded in beds 
of rock, (la) Only a very small number had 
any idea that like deposits were then forming in 
the nearby sea. (2) Some had the idea that the 
rock layers, which had in them a great amount 
of the dead substance of things once living, had 
been made not by the decomposition of those 
things, but by an order of the Almighty when 
He made the earth. (3) Others gave the ex- 
planation that the plant and animal bodies in 
the stone beds were deposited there by some 
force of swelling and contraction which was in 
the earth in its early days. (4) In what way 
was the demonstration made at last that these 
ideas were false! (5) An exact comparison was 
made between the stone plants and animals and 
the living ones like them, and all doubts that the 


stone forms had come from living forms were put 
away at last. (6) The same fact was made clear 
about the substances in the sea-beds of earth, 
sand, and lime stone (stone having a great 
amount of chalk) : tests were made of those 
parts of the sea-floor where shells are now year 
by year being covered over in new deposits. (7) 
Donati took samples from different parts of the 
bed of the Adriatic and made the discovery that 
the layers forming there were very much like 
those which made up small mountains over 1,000 
feet high in different parts of Italy itself. 
(8) He made the discovery by taking up sam- 
ples from the seafloor that living iestacea (a 
species of small shell-covered animals) were 
there grouped together in exactly the same way 
as were their like stone forms in the inland 
layers; and at the same time some of the new" 
shells in the Adriatic were being covered with 
limestone rock, he took note that others had 
been newly covered by sand and sticky earth, 
exactly as the stone-covered shells were, in the 
small mountains near the Apennines. 


POSSIBILITY 

If grass is green beyond the galaxies 
Beneath blue skies of %indiscovered spheres 
Where other beings see their hopes and fears 
In stars that haunt their own mythologies ; 

If other worlds are rimmed by sounding seas 
Endlessly moving over measured years, 

And eyes of men beyond their brim of tears 
Are shining into distant mysteries; 

If another earth is near a sun unknown 
Among the hinterlands of stars unfound, 

The colors of its captive dreams may be 
Within the shattered spectrum of our oum, 
Its silent fantasies of inner sound 
The voices of our own eternity. 

JoEii W. Hedgpeth 
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SAINT LOUIS TODAY 

It is a pleasure for the cultural insti- 
tutions of St. Louis to serve again as 
hosts to the members of the American 
Association for the Advancement of 
Science, March 27-30, 1946. In spite 
of many handicaps of the past four years 
a considerable degree of progress has 
been achieved by the industrial, social, 
and educational organizations of the city. 
Those scientists who attended the meet- 
ings that were held here in 1935 will 
find new points of interest and notable 
additions to the old ones. 

Opposite the entrance to Union Sta- 
tion the Milles Fountain group, sym- 
bolizing the confluence of the great Mis- 
sissippi and Missouri rivers a few miles 
north of the city, now offers a decidedly 
more pleasing greeting to visitors than 
the unsightly buildings that formerly 
existed on the site. 

Immediately prior to the war many 


blocks of the older river-front buildings 
were demolished in preparation for a 
great memorial plaza. The war inter- 
rupted these plans, but enough has been 
accomplished to show that on their com- 
pletion St. Louis will stand out as one of 
the most beautiful riverside cities in the 
world. And to those who have not 
visited this Midwestern city during the 
past ten years the most striking change 
will be its cleanliness. With the passing 
of an effective antismoke ordinance St. 
Louis now ranks with the tidiest of 
America’s large industrial communities. 

St. Louis and Washington universities 
will be points of most immediate interest 
aside from the scheduled meetings in the 
Kiel Auditorium and various hotels. At 
Washington University, Brown Hall, 
housing the School of Social Studies, was 
opened in 1937, and presents an attrac- 
tive architectural as well as educational 
addition. In a special building near 
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Crow Hall the cyclotron that played an 
important part in the earlier phases of 
wartime atomic research should not be 
overlooked by those attending the physi- 
cal science meetings. 

St. Louis University, located in the 
heart of the city, is especially noted for 
its work in the fields of medicine and 
seismology. It was, in fact, the first insti- 
tution of learning in the world to estab- 
lish a department of geophysics and is 
still the only university in the United 
States to have a separately organized de- 
partment of this kind. By means of an 
elaborate system of seismographs, strate- 
gically placed at five points in Missouri 
and Arkansas, the University ''keeps its 
finger on the pulse of the earth.’’ In 
the field of medicine the work of the 
recent Nobel Prize winner. Dr. Edward 
A. Doisy, is representative of the great 


strides that have been made of late years 
in the Medical School of this University. 

March is not an especially favorable 
time for outdoor plantings at the Mis- 
soui'i Botanical Garden (Shaw’s Gar- 
den), but the greenhouses in the city 
garden show many improvements over 
ten years ago, and a special floral display 
will be presented at the time of the Asso- 
ciation meetings. The library and her- 
barium will attract those whose activities 
center in the more technical phases of the 
botanical sciences. 

The most evident progress at the Mis- 
souri Botanical Garden during the past 
decade is in the development of the Ar- 
boretum at Gray Summit, on the north- 
ern fringe of the Ozarks and overlooking 
the Meramec River. The entire orchid 
collection of the Garden, numbering some 
20,000 plants, is now hoxised in green- 
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houses on the Arboretum grounds. Dur- 
ing the past four years outstanding re- 
search has been carried on dealing with 
the light relations and the hybridizing of 
orchids, and with the technique of hy- 
droponics in their culture. Yariations 
of this method are now employed on a 
large scale. 

For those with a few hours of time 
from busy meetings the municipal Foi'- 
est Park of 1,400 acres offers a unique 
assemblage of attractions. The more 
serious-minded will appreciate the Art 
Museum where there are constantly 
changing exhibits covering many phases 
of art, as well as the large and splendid 
permanent collections. On the north 
side of the Park, directly opposite the 
Art Museum, is the Jefferson Memorial. 
This is occupied in part by the fine li- 
brary of the Missouri Historical Society, 
containing a large collection of Jefferson 
manuscripts and others pertaining to the 


Hamilton-Burr controversy. And dur- 
ing the past decade the Lindbergh Col- 
lection has attracted many millions of 
visitors. 

Only a short distance from the Art 
Museum are the Zoological Gardens, 
housing a magnificent collection of ani- 
mals from all corners of the earth. In 
recent years the Zoo has improved in the 
acquisition of rare animals as well as in 
landscaping and in the enlargement of 
the houses. The reptile and bird houses 
are acclaimed as the finest in the world — 
zoological treasures to the professional 
student and layman alike. 

The Park also includes a magnificent 
modern greenhouse, known as the Jewel 
Box, which presents exquisitely arranged 
floral displays according to the season. 
With the advent of spring, at about the 
time planned for the meetings, Forest 
Park should be given high priority on the 
visitor's list. 
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LET’S HEAR ABOUT IT 

There is an old saying among otolo- 
gists (ear doctors) that one should not 
put anything in his right ear except his 
left elbow. The advice, if followed, 
would prevent many a ruptured ear- 
drum. 

The Navy, of course, has more than 
an academic interest in the hearing of 
its personnel. Before a man is asked to 
sign on the dotted line, he is given a 
pseudoscientific test in the form of a 
whisper, tick of a watch, or the click of 
a coin. Before he is handed his hon- 
orable discharge, he is tested again with 
the same pseudoscientific test, and it is 
hoped that his hearing has not been im- 
paired to the extent of furnishing, at a 
later date, a basis for claims against the 
Government. 

It may be that the prefix ^‘pseudo’’ 
wiU raise unpleasant connotations, but 
any test which ranges from the dulcet 
whisper of a corpsman from South Caro- 
lina to the gravelly rumble of a corps- 
man from Maine certainly is not scien- 
tific. Likewise, the click of a coin or the 
tick of a dollar watch can hardly be 
trusted. However, there is no known 
record of any man in the Navy having 
hearing so bad that he could not hear 
the call to chow. 

After a man has entered the service, 
his hearing is subjected to many influ- 
ences. In addition to the ordinary 
noises that he encountered in what is 
euphemistically called civilian life, he is 
exposed to the noise and blast effect of 
the guns and, in certain ships, to the 
high noise level of the Diesel engine 
rooms. The effect of the guns upon 
hearing is not open to argument; too 
many ruptured eardrums offer their elo- 
quent testimony. The effect upon the 
hearing of personnel being subjected to 
the high noise level of Diesel engine 
rooms is questionable. The specialists 
cannot seem to come to an agreement as 


to whether there is such a thing as occu- 
pational deafness. 

It would seem to the layman that con- 
tinual exposure to high noise levels 
would eventually have a deleterioiis 
effect upon hearing. A number of med- 
ical men subscribe to this theory. An- 
other group who venerate statistics 
maintain with more heat than light 
that, as we have no scientific test, data 
on the hearing of these men before they 
were subjected to the high noise level, 
we have no means of knowing whether 
the loss of hearing was occupational or 
due to the ordinary vicissitudes of ad- 
vancing age. 

There is one point upon which all the 
great minds seem to agree ; that is, noise 
does fatigue. Standing a watch over a 
couple of laboring Diesel engines takes 
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THE V-51E EAE WAEDEN 

more out of a man than standing Avatch 
over a pair of purring turbines. The 
continued rat-a-tat of a riveting machine 
in an aircraft factory raises the curve 
of absenteeism, although no notice has 
been taken of this saboteur. 

The Navy's answer to this problem 
has been cotton — wads of it. It is said 
that the Union admirals were consider- 
ably disturbed during the Civil "War 
over the necessity of using cotton before 
starting a shore bombardment problem. 
But that is the only period Avheii there 
was any doubt about using cotton. For 
generations it has been the universal 
panacea against noise and blast. It 
must be admitted in deference to the 
Cotton Growers Association that cotton 
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propcrlxf inserted in the ear canal offers 
good protection against blast and noise. 

As the tempo of the recent war in- 
creased, and the noise level on ships like- 
wise, the Navy sought the best ear pro- 
tection obtainable. Was it cotton or was 
it some mechanical device f Of the mak- 
ing of earplugs there is no end. Some 
are good, some are bad, and some are in- 
different. Before a suitable ear protec- 
tive device could be selected for universal 
naval issue, it had to meet certain basic 
requirements. 

The first and most important require- 
ment was that the device would have 
to offer greater protection than cotton. 
There would be no point in introducing 
a mechanical device that would not do 
the job better than cotton. 

The next consideration was that of 
comfort, for any safety device must be 
reasonably comfortable or men will not 
use it. Safety engineers sometimes lose 
sight of this fact. Men can be ordered 
to use ear protection or goggles or any- 


thing else, but unless they are comfort- 
able they will find an infinite number of 
ways for evading their use. 

it also had to be borne in mind that 
practically everyone on board ship from 
the captain to the cook at some time or 
other must wear the ''phones.” This 
introduces two separate and distinct 
l^roblems. The ear protectors must not 
interfere with the use of the phones and, 
while excluding noise, they must not 
reduce the possibility of hearing com- 
mands and orders — requirements that 
apjmar to be contradictory and impos- 
sible to meet. 

Finally, as the bulk of the fleet opera- 
tions were being conducted in the tropics, 
there was the ever-present danger of 
fungus growth, which has been described 
as " athlete foot” of the ear. Would 
the introduction of a mechanical device 
into the ear increase the possibility of 
infection? 

All too often when faced with a prob- 
lem that contaijied so many unknowns in 
the equation, it has been necessary for 
the Navy Department to institute a i)i*o- 
gram of research. After the reseaia.^h 
has been conducted and the data ana- 
lyzed, a laboratory device must be de- 
signed and submitted to exhaustive t(‘sts. 
Finally, the laboratory model has to be 
transmuted into a production model. 
This takes time, valuable time. 

In the matter of ear devices, time had 
been seized by the forelock. Research 
on ear protective devices had been going 
forward for a number of years. Dr. 
Verne Knudson, of the University of 
California, aided by a number of able 
assistants, had collected data on ear pro- 
tectors and embodied the result of these 
researches into a number of fundamental 
designs. The Psycho- Acoustic Labora- 
tory, Harvard University, working under 
a contract from the National Defense 
Research Committee, continued Knud- 
son investigations. At the same time, 
it conducted a program of comparative 
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tests of siicli ear protectors as were com- 
mercially available. The sum total of 
all research was embodied in an ear pro- 
tector known as the V-51R Ear "Warden. 
Upon the basis of objective tests, this 
device seemed to be the iiearest approach 
to a solution of the problem. 

Test data definitely indicated that over 
the frequency range of audible sound 
waves the V-51R Ear Warden, in ad- 
dition to being superior to other me- 
chanical devices tested, offered greater 
protection than cotton. Further, under 
conditions of high noise level, intelligi- 
bility of speech over the sound-powered 
phones was increased when the ear war- 
dens were used. These two basic con- 
clusions were enough to warrant the 
procurement of the device for naval 
issue. 

The possibility of infection of the ear 
canal by the introduction of the wardens 
was recognized. It was not certain, how- 
ever, whether cotton or the 'wardens of- 
fered the greater hazard. Although 
cotton was antiseptic, the fingers that 



U. 8. Kavy Photo 
WARDEN IN PLAGE 



U. S. Navy Photo 
REMOVING WARDEN 


pulled it out of a container and stuffed 
it into the ear 'were not. The wardens 
could be sterilized without too much diffi- 
culty in an antiseptic solution. 

Neoprene was selected as the mateinal 
from which the ear wardens were to be 
molded. In addition to meeting the 
technical requirements, it Avas as nearly 
nontoxic as any other available material. 
People whose skin was irritated by rub- 
ber were not, in the great majority of 
cases, disturbed by neoprene. With an 
eye cocked toward the requirement of 
comfort, the designers insisted upon a 
degree of softness in the material that 
caused the manufacturers to writhe in 
anguish. They said it couldn’t be done, 
but, to their everlasting credit, it was. 

It is interesting to note that once the 
laboratory produced ear wardens that 
satisfied all interested parties and the 
specifications for their production were 
approved, it required eight months be- 
fore the wardens started to roll off the 
production line. The over-all time from 
the decision to purchase large quantities 
for service issue to their actual commer- 
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eial production was approximately a 
year. There is no telling how long it 
would have taken to complete the basic 
research, if it had not been started before 
the war. These facts are introduced to 
buttress the argument for continuous re- 
search. Problems must be foreseen and 
the basic research conducted upon them 
long before the problem is recognized 
generally in the Fleet. 

Ear wardens are now being given to 
the Fleet as general issue. As the tempo 
of production increases, they will have 
universal distribution. They should be 
used by all men exposed to gunfire or 
continuous high noise levels. Under 
such conditions they should be viewed 
in exactly the same light as a pair of 
goggles in a grinding operation. They 
represent a comfortable, usable safety 
device. 

One thing remains to be done. We 
are now issuing devices to protect the 
hearing. We must now develop a de- 
vice, or modify for service use an exist- 
ing device, to test adequately the hearing 
of naval personnel. These tests should 
be conducted before a man is inducted 
and again before he is discharged. The 
click of a coin is a welcome sound in the 
pocket but a travesty as a test of hearing. 

Lt. Comdr. George W. Dyson 

THE USE OF ATOMIC TRAIL BLAZ- 
ERS IN PHYSIOLOGICAL INVES- 
TIGATIONS WITH PLANTS 

OisTE of the greatest triumphs of mind 
over matter has been the discovery of 
methods of artificially transmuting one 
kind of atom into another. The atomic 
bomb is the most spectacular develop- 
ment from researches in this field, but 
other applications of this modern brand 
of alchemy hold greater promise for the 
welfare of man. Modern techniques of 
atomic physics make it possible to label 
certain molecules in such a way that 
they can subsequently be distinguished 
from other molecules of the same kind. 


The use of such identifiable molecules 
finds a number of important applications 
in biology and medicine. 

The commonest method of tagging 
molecules is by incorporating into them 
atoms which have been rendered artifi- 
cially radioactive. Such radioactive ‘iso- 
topes (isotopes of an element are differ- 
ent varieties of atoms of that element 
having different masses but the same 
nuclear chai’ge) of many of the elements 
can be prepared by bombardment of the 
atomic nuclei in a cyclotron and in other 
ways. A radioactive isotope is identical 
in its chemical properties with the com- 
moner isotopes of the same element, 
Avhicli for most elements are nonradio- 
aetive. A radioactive isotope of any 
element betrays its presence wherever it 
may be by the continual emission of 
radiations or charged particles which 
can be detected with suitable instru- 
ments. Thus it is possible to trace such 
molecules, after ingestion or absorption, 
through an organism and often even to 
determine the chemical reactions in 
which they participate. This has never 
been possible by ordinary methods of 
chemical analysis because by such meth- 
ods it is impossible to distinguish be- 
tween the introduced molecules and 
others of the same species which were 
already present in the organism. 

The radioactive tracer technique has 
been successfully employed in a number 
of investigations of medical interest. 
Such representative problems as the ac- 
cumulation of iodine in the thyroid 
gland, the phosphorus metabolism of the 
human body, and the role of iron in the 
synthesis of hemoglobin have all been 
investigated by this method. Important 
advances in our knowledge of the physi- 
ology of other animals, plants, and 
microorganisms have also been made 
with the help of radioactive tracers. 

A natural application of the tracer 
technique is to the problem of the move- 
ment of substances in plants. The prin- 
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eipaL tissues of translocation in plants 
are the xylem and the phloem, corre- 
sponding, in the stems of woody plants, 
to the wood and the inner bark, respec- 
tively, It has long been recognized that 
upward movement of water in plants 
occurs through the xylem (in woody 
plants only through the outer layers) 
and that downward movement of the 
foods synthesized in the leaves occurs in 
the phloem. Regarding the route tra- 
versed through the plant by the mineral 
salts absorbed from the soil there has 
been much less unanimity of opinion. 
Results of some investigators seem to 
indicate the phloem, of others the xylem, 
as the tissue through which most trans- 
port of mineral salts takes place from 
the roots to the aerial organs. 

The use of radioactive compounds of 
sodium, potassium, and phosphorus has 
permitted a critical decision to be made 
between these two viewpoints. When 
willow and geranium plants were al- 
lowed to absorb such compounds, the 
results show unquestionably that their 
upward movement occurred in the 
xylem. No evidence was found of any 
upward movement in the phloem, al- 
though considerable lateral movement of 
the salts from the xylem to the phloem 
did take place. 

In other experiments on the transloca- 
tion of salts in plants the effect of inject- 
ing leaves with a radioactive phosphorus 
compound was tried. The molecules of 
this substance were found to be trans- 
located out of the leaves and in the 
downward direction through the phloem, 
which is continuous from the leaves into 
the stem. Once in the stem a large pro- 
portion of the molecules moved laterally 
from the phloem into the xylem, in which 
they reascended the stem. These results 
suggest the occurrence of a regular cir- 
culation of at least some of the mineral 
salts in plants. Apparently most of the 
mineral salts absorbed by the roots of 
plants are translocated directly to the 


leaves. Some of the molecules of a salt 
may be retained in a leaf or used meta- 
bolically in the leaf cells, particularly 
if it is in an early stage of growth. 
Other molecules of the same salt may 
move out of the leaf through the phloem 
and eventually back into the same or 
other leaves through the xylem. A given 
molecule may repeat this translocation 
cycle several to many times before actu- 
ally becoming immobilized in a cell. 

Not only have the movements of min- 
eral salts within plants been studied by 
this method, but knowledge regarding 
the mechanism of ionic exchanges be- 
tween the roots and soil has been ad- 
vanced by applications of this technique. 
A two-way movement of potassium ions 
between roots and soil has been demon- 
strated by this method. Radioactive 
potassium has been shown to move from 
the roots of barley plants into the sur- 
rounding medium at the same time that 
nonradioactive potassium was moving 
from the medium into the roots. These 
results indicate that a constant exchange 
of potassium ions in the medium with 
potassium ions in the roots is in progress, 
even when no net absorption of the ions 
by the roots is occurring. 

Photosynthesis is another process 
which has been studied with scientific 
profit with the aid of tagged molecules. 
This is the process in which carbohy- 
drates are synthesized in green plants 
from carbon dioxide and water with the 
accompanying release of oxygen. Photo- 
synthesis occurs only in light which fur- 
nishes the necessary energy. The entire 
world of plants and animals operates at 
the expense of the energy and organic 
capital accumulated in photosynthesis. 
Although this reaction runs smoothly in 
any green leaf exposed to proper condi- 
tions, man has never been able to dupli- 
cate it in the laboratory, and the essen- 
tial mechanism of the process has thus 
far eluded all experimental probings. 

Recent experiments with radioactive 
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carbon have thrown a new and different 
light on the probable mechanism of pho- 
tosynthesis. "When green plants were 
allowed to absorb carbon dioxide made 
with artificially radioactive carbon, it 
was possible, by suitable chemical analy- 
ses, to determine the kinds of chemical 
compounds into which the tagged carbon 
atoms were incorporated. The results of 
these investigations indicate that the first 
stei) in photosynthesis — which may take 
place in the dark as well as in the light — 
is the conversion of the absorbed carbon 
dioxide into carboxyl (-gooh) groups 
attached to molecules of very large 
molecular weight. This represents a 
considerable departure from most pre- 
vious theories of the mechanism of pho- 
tosynthesis. One tenacious, but never 
well-founded, theory of photosynthesis 
has been that formaldehyde is an inter- 
mediate product in the synthesis of car- 
bohydrates. No evidence could be found 
in this investigation that any of the 
tagged cai’bon was present in molecules 
of formaldehyde or similar compounds, 
and hence no evidence in favor of this 
theory could be found by this technique. 

For some elements there are several 
isotopes which can be used as tracers in 
physiological investigations. Carbon is 
an example of such an element. The 
usual variety of carbon atom has an 
atomic w^eight of 12', but isotopes with 
atomic weights of 11, 13, and 14 are also 
known. The unstable, radioactive C-11 


isotope is the one which was used in the 
previously described investigations on 
photosynthesis, but presents some difiS.- 
culties in experimental work because its 
imlioaetivity is not retained very long. 
The C-14 isotope is also radioactive, but 
thus far has not been much used be- 
cause it is a weak emitter of charged 
particles and therefore difficult to detect. 
C-13 is a stable, nonradioactive isotope, 
but by a modification in technique such 
isotopes can also be used as tracers. 
Their presence is detected, not by their 
emission of radiations or chaiged par- 
ticles, but by their larger mass as com- 
pared with ordinary carbon. Such de- 
terminations can be made with an in- 
strument known as a mass spectrograph. 
The distribution of the recently made 
photosynthate throughout bean plants 
has recently been traced by allowing the 
leaves to absorb carbon dioxide contain- 
ing the C-13 isotope. Kapid transloca- 
tion of carbohydrates S3uithesized in 
photosynthesis to the growing stem and 
root tips was readily demonstrated by 
this method. Translocation of the car- 
bohydrates, whether in the upward or 
downward direction, was found to occur 
in the phloem, thus confirming, with an 
entirely new technique, the generally 
accepted idea of the pathway of trans- 
port of carbohydrates in plants. 

B. S. Meyer 

Department op Botany 
The Ohio State University 



COMMENTS AND CRITICISMS 


Armchair Geology 

I’m always glad to meet an old friend, and 
by the time I was two-thirds of the wmy 
through Mr. Chapman Grant’s letter, in your 
January number, I knew I had found one. 

A little over twenty-five years ago J. G. 
Branner, a geologist 'working on the Brazilian 
coast suggested the same hypothesis for the 
formation of beach cusps that Mr. Grant pro- 
poses. Branner ’s view's are set forth in an 
article in the Journal of Geology, Volume 8, 
pages 481-484:, for the year 1900. The idea 
received some credence for a time, especially 
among ^ ^ armchair ’ ’ geologists. It is an entie- 
iug hypothesis but it w^on ’t work. If Mr. 
Grant will check up by finding a smooth sand 
beach without cusps where cross-wmves are com- 
ing in, I think he wall see why. 

Since the publication of my article, ^^Scien- 
tific Beachcombing, ’ ’ I have been watching 
each number of The Scientific Monthly for 
some criticism, from your readers, of the use 
of the method. So far the result is zero. I 
was, of course, interested in the use of the 
subjective method by Paul D. Harw'ood. The 
biography of John Ericsson is a ^^gem, ” but 
that is what we always expect from Owen 
Johnson. O. F, Evans 

Oil, Water, and Vino 

Dr. Adolph Knopf’s article on strategic min- 
eral supplies W'as fascinating and called atten- 
tion to the magnificent work of geologists and 
engineers in exploration and inventory during 
the war. 

However, he overlooked that group of geolo- 
gists and engineers who find and produce the 
most valuable mineral of all, namely, water. 

If national petroleum is a four-billion-a-year 
industry, national water is about an eight- 
billion-a-year industry. Overseas, the Ameri- 
can soldier required more than 100 gallons of 
purified water a week (comx:)ared to 50 for 
petroleum products) . 

During the war huge water supplies had to 
be found and developed for hundreds of Army 
camps, thousands of industries, and many new 
and expanding cities and towns. Consulting 
water engineers, geologists, drillers, and chem- 
ists were strained to the utmost, while the 
Water Resources Branch of the Geological Sur- 
vey, U. S. Department of Interior, answered 
thousands of water inquiries, and prepared 
plans for water supply in cooperation with the 
Army in all theaters of war. 


Overseas, water production engineers out- 
numbered petroleum distribution engineers, and 
their mission was as vital. Rotary and cable 
tool w'ell- drilling equipment was in continual 
use in search for underground water. As 
soldiers, too, water geologists fulfilled their 
mission of finding the ^‘strategic mineral.” 

Water geology is too often overlooked by 
economic geologists when they consider the 
minerals of the earth. With all due resi)ect 
to Dr. Knopf for his splendid article, he forgot 
the most important, and at times most strategic 
(e.g. El Alamein), mineral of them all. 

I humbly quote the immortal words of Capt. 
William C. Rasmussen, water operations engi- 
neer of the Italian campaign, who has said: 

There are times when a gallon of water is 
almost worth a bottle of vino.” 

William C. Rasmussen 

Zionism 

For nine years I have looked in vain for an 
article on Zionism in The Scientific Monthly, 
so it is with great disapx^ ointment that I had 
to read the anti-Zionist statements masked 
under the title ^^Tlie Social Significance of 
Jemsh-Christian Intermarriage” by George 
Wolfe. 

It is with difficulty that I restrain resultant 
emotions on the subject to write you at this 
time. I recall also having written to you sev- 
eral years previously requesting publication of 
some reference to the achievements of the mod- 
ern Jewish renascence in Palestine. 

Evidently the front-page position of Pales- 
tinian news to-day prompted your printing the 
above-mentioned article. Unfortunately it ex- 
l^resses the opinions of the minority among 
Jews as well as Americans. (The Roper Poll 
recently showed American Jews to be 81 per- 
cent pro-Zionist, and the passage by both 
Houses of Congress of the Zionist Resolution 
for a Jewish Commonwealth with overwhelming 
majorities, proves how the American peoi)le as 
a whole insists its elected representatives vote.) 

G. W. would have his reader believe that 
Zionism longs for ^^a new Jewish theocracy 
in Palestine.” Nothing could be further from 
the actuality, or even the hopes of the religious 
wing among Zionists (MizracM). On the con- 
trary, ^'Zionism is the expression of the na- 
tional will to live of the Jewish people.” 
(Quoted first sentence in the first chapter of 
Zionist Education in the TJ. 5-, a survey by 
Samuel Dinin, Ph. D., published in October 
1944 by the Education Committee of the Zion- 
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ist Organization of America, many of whose 
leaders are Eabbis.) 

The author of the above-mentioned article 
insists that a ‘^Jewish State would simply 
mean a. glorified ghetto, narrow, undemocratic, 
and may well turn out to be reactionary.'^ 
Such criticism is pure poppycock compared to 
the position of Zionist Palestine today. After 
much insistence on the part of Palestinian and 
world Jewry, reactionary colonial Britain al- 
lowed Palestine to present a Je^vish Brigade 
against the tottering Nazis in the last days of 
the recent war. ^^Undemocratic" Jewish 
Palestine had 21 parties represented in the 
fall, 1944, elections. ‘ ‘ Narrow ' ' J ewish Pales- 
tine provided one of the chief strong points in 
the Near East of the Allies. The Hebrew Uni- 
versity gave courses of advanced training for 
Allied Medical Officers in that theater. J ewish 
farms were an important source of fresh fruits, 
vegetables, and dairy products for Allied mili- 
tary personnel in the Near East. 

Any GI who spent time in the rest centers 
near Tel Aviv looked on that spot as being of 
the widest horizon in that part of the world. 

G, W, says ^^Nationalism has always and 
everywhere narrowed the mind. ' ' Does he 
think such is the case in American National- 
ism! In Palestine the Jews are educating the 
Arab masses to progressive living (to wit; 
decreased Arab death rate, especially infantile, 
and increased Arab wages and standards of 
living) . This latter activity has been the cause 
of feudal Arabian leaders' opposition to Zion- 
ism. 

I wish he would have at least finished writing 
with the sentence ' ‘ a permanent solution can 
only be found on the basis of an international 
covenant of nations." However, the irony of 
the situation that presents itself even now in 
the UNO is that the Jews, because they have 
not a few acres of soil they are free to call 
their own, cannot say a word in their own 
defense, or for their own welfare. 

I. M. Saturen, V.M.D. 

Three Jeers for the Editor 

It seems to me that you have done no service 
to The Scientific Monthly or the A. A. A. S. 
in publishing Owen Johnson's article on John 
Ericsson in your January issue. The Monthly 
ordinarily follows such standards of accuracy 
and interest that this aberration calls for com- 
ment. 

I base my objection to the article on two gen- 
eral grounds: 1 — The source,* 2 — The content. 

1. The Source. It appears clearly below the 
ideals of the Monthly to accept material from 
a publication of such dubious integrity as the 


present Meader^s Digest. At least it is to the 
credit of the Monthly to have acknowledged 
the source. 

2. The Content. The article is an uncritical 
sanctification of Ericsson in the worst tradition 
of romantic biography. That, however, may be 
called a matter of taste and therefore only my 
personal opinion. So let us turn to some of 
Mr. Johnson's factual statements and implica- 
tions and see whether they are appropriate to 
a scientific journal. 

Take for a starter page 15, col. 2, where 
Johnson speaks of Eobert Pulton ^Uittle dream- 
ing that a genius was born who would nullify 
all that he was creating’^ (emphasis added). 
Comment on this leap of fancy seems super- 
fiuous. 

On page 16, col. 1, Johnson speaks of ^ ^pov- 
erty, the greatest spur of all." I wonder how 
many will agree with that characterization, hav- 
ing in mind, let us say, Darwin and Marconi? 

On page 18, col. 1, the author says of the 
paddle-wheel steamer, ^^but even under favor- 
able circumstances it could develop a speed of 
only four to six knots." Johnson was born 
in New York,* did he never see the old side- 
wheeler Mary Powell which for nearly sixty 
years reeled offi sixteen to twenty knots on the 
Hudson? 

On the same page, col. 2, Johnson discusses 
the Prancis B. Ogden, Ericsson's screw steamer. 
Of the Admiralty he says, ^‘They had listened 
to the engineer corps of the nation, which was 
arrayed unanimously against this ridiculous in- 
vention" (emphasis added). How does he 
know the opinion was unanimous? It seems 
unlikely, and if true, authority should have 
been given. Purther on he says the Ogden 
smoothly and effortlessly moved . . . ‘^without 
in the least shaking their convictions, ' ' and, 
"Not one had the slightest suspicion that he 
had taken part in the first successful demon- 
stration ..." (emphasis added). second 
time Ericsson had stood on the brink of fame 
and seen it denied him. ' ' Aside from the ques- 
tionable use of superlatives here which have 
doubtful factual justification, the whole story 
is weighted in a sense with which at least one 
authority disagrees. The Encyclopedia Britan- 
nica, 1944, vol. 8, pp. 684-5 says: 

‘^In 1836 he took out a patent for a screw- 
propeller, and though the priority of his inven- 
tion could not be maintained, he was afterwards 
awarded a one-fifth share of the £20,000 given 
by the Admiralty for it. At this time Capt. 
Stockton, of the U. S. Navy, gave an order 
for a small iron vessel to be built by Laird of 
Birkenhead, and to be fitted by Ericsson with 
engines and a screw. This vessel reached New 
York in May 1839." 
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Notliing about these details iu Mr. Johnson’s 
article, but they quite alter the picture, don’t 
they? Of course Mr. Johnson may be right and 
the Britanniea wrong; but in that case at least 
a sentence of discussion seems required. 

And finally Mr. Johnson says nothing about 
Ericsson’s obstinacy in persisting with the 
colossal failure of the Caloric, a vessel powered 
with hot-air or caloric” engines. She was 
built in defiance of sound theory and was a 
total loss on, I believe, her maiden voyage. 

This letter is not intended as an attack on 
Mr. Johnson and still less on Ericsson, whose 
inventive successes are sufficient to maintain 
his reputation without suppression or coloring 
of fact. It is an attack on lending the support 
of The Scientific Monthly to a faulty and 
misleading biographical article that will doubt- 
less be broadcast over the world by Beader^s 
Digest as The Scientific Monthly ’s. 

In the above discussion I have selected only 
a few passages to illustrate my point. Many 
more could be cited and the discussion length- 
ened. But it hardly seemed worthwhile. 

Marston L. Hamlin 

I am writing to comment on the short biogra- 
phy of John Ericsson which appeared in the 
January issue of The Scientific Monthly. It 
seems to me to be of a poor quality that does 
not often appear in the magazine, and if it 
represents the best efforts of a novelist there 
is a clear mandate to stick to scientific men as 
your contributors. 

The exhortative tone is hardly suitable, and 
the bits of drama, the references to great but 
undemonstrated influences on subsequent his- 
tory, are neither one typical of Scientific 
Monthly articles. The paragraphs at the end 
of page 15 and continuing on page 16 exemplify 
these objectionable attitudes. 

Moreover, the policy of accepting articles 
from the digest magazines does not seem ap- 
propriate to a scientific periodical even if they 
were of higher quality than this one. I should 
prefer to pay somewhat higher dues in order to 
be assured of the independence of the periodi- 
cal from outside organizations. 

If publication of the Ericsson article causes 
other reader comment, I would appreciate see- 
ing a consensus of it on your editorial page. » 

David H. Miller 

In ^ ^ Meet the Authors, ’ ’ during the comment 
on Owen Johnson, it is suggested that Reader 
Digest planted the article. Is it a policy of 
The Scientific Monthly to accept ED plants 
or is this the first occasion? 

Since so many people, I think justifiably, 


look with deep suspicion on any material 
emanating from or ^^republished” by ED, I 
wonder if such articles should not be so labelled 
at their heading so that readers who wish to 
may apply their customary grain of salt where 
it seems called for. Perhaps SM does not make 
a poHcy of accepting plants which vrould seem 
to require such treatment, but ED is reputedly 
famous for slipping such material into seem- 
ingly innocuous articles on the bees and flow- 
ers. 

What worries me is that should SM publish 
ED plants unannounced, it might cause readers 
to lose respect for or faith in the integrity of 
the whole magazine as being a stooge for 
Reader’s Digest. That would be a great pity 
and quite undeserved. 

Austin W. Morrill, Jr. 

0. E. Evans appears to be the onlj?” Owen 
J ohnson fan among those who commented on 
“John Ericsson.’’ The antagonists objected 
to the article on two counts: its lack of sci- 
entific accuracy and restraint ; and its origin, 
from the Reader’s Digest. The first objec- 
tion is sound, and I plead guilty of having 
accepted a manuscript from a nonscientifie 
source without checking the validity of the 
facts and interpretations given. As a rule 
we can rely on the accuracy of our articles, 
because most of them are written by scien- 
tists. One might exiiect a novelist to be 
more concerned with dramatic effects than 
with plodding facts, and it was for the drama 
of Johnson’s article that I accepted it, hoping 
that the facts had been treated with respect. 
I have contended, and still assert, that it is 
possible for scientists to inject drama into 
their stories without violation of facts. I 
hoped that the article on Ericsson might en- 
courage scientists to experiment with a more 
attractive style of writing than they habitu- 
ally use, exemplified recently by 0. P. Evans 
on beach cusps and Paul D. Harwood on 
phenothiazine. 

The implication that there is something 
sinister in accepting an article offered by the 
Reader’s Digest seems unjustified. Like any 
other manuscript that we consider, the article 
on Ericsson was offered gratis. I was free 
to accept or reject it. In answer to reader 
Morrill’s question, this was my first occasion. 
If there should be a second, I will, if neces- 
sary ask for the opinions of appropriate 
advisers. — Ed. 
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THE BROWNSTONE TOWER 

At the forthcom- 
ing meetings of the 
A. A. A. S. in St. 
Louisj March 27- 
30, 1946, profes- 
sional science writ- 
ers, representing 
the country's great 
newspapers and 
magazines, mil re- 
port scientific de- 
velopments as revealed by papers presented 
at the meetings. As a rule, these men and 
women do not get their information by 
listening to speakers as they appear on the 
program; they must depend largely on the 
contents of manuscripts or abstracts of 
manuscripts submitted by the authors to the 
Press Service of the Association prior to 
the opening of the meetings. 

Although the information provided by sci- 
entists for the use of science writers has been 
improving in recent years both in quantity 
and ill quality, we feel that many scientists 
still do not fully realize the importance of 
submitting information about their "work to 
the press. They may think that their work 
is of no interest to the public or that the 
science writers are not capable of reporting 
it correctly. It is true, of course, that some 
investigations are of greater interest to the 
public than others, hut no scientist should 
assume that his work is too recondite to have 
meaning to laymen if properly interpreted. 
He should submit the desired nianuseiupts or 
abstracts and let the science ivriters judge 
their news value. These writers are compe- 
tent scientists who can and will re^iort ac- 
curately those features of any investigation 
that seem to them to have significance to the 
public. They have a broader understanding 
of the advancing front of science than any 
specialist in research. It is largely through 
their reporting of scientific progress that 
public understanding and support of research 
are increased. 

Any scientist who is convinced that he owes 


it to himself, his institution, and the public 
to make the results of his \vork available to 
science writers should tlien take the trouble 
to submit adecpate information about his 
■woi'k. It is most helpful to send to the 
Office of the Association for the use of the 
Press Service two copies of each manuscript 
and two copies of an abstract of it. . The 
abstract, if properly written, will enable the 
science writer to determine quickly whether 
the investigation should be reported; he can 
then turn to the manuscript for details, if 
needed. If copies of the manuscript cannot 
be provided, the abstract should be made to 
contain all essential information: the pur- 
pose of the work, the methods used, the re- 
sults obtained, and the technical significance 
of the results. Science writers do not need 
or desire abstracts written down to an as- 
sumed layman's level. Technical terminol- 
ogy is familiar to them, and they prefer a 
thorough professional abstract to a scientific 
bedtime story. Science writers complain 
most bitterly of inadecjuate abstracts (sum- 
maries) which state only that certain prob- 
lems or subjects were studied without telling 
exactly what was fouml out. Let it be re- 
solved, therefore, to give the Press Servi('e 
complete information. 

Ill the SM comments on previously pub- 
lished articles cannot, as a rule, be included 
in the issue immediately following the iU’tieles 
in question. Consequently, readers may have 
forgotten the contents of these articles by 
the time criticisms of them appear. As 
readers cannot be expected to reread the older 
artieles, it is desirable that comments should 
be intrinsically interesting and understand- 
able without reference to the articles that 
gave rise to them. It might be desirable for 
eoumientators to summarize the points on 
which they are eonimenting. 

In a few instances we have published short 
original articles in Comments and Criticisms 
to save space. We shall limit this practice 
and discontinue it if possible. 

F. L. Campbell 





THE SCIENCE LIBRARY 

A.A.A.S. MEETINGS, ST. LOUIS, MARCH 27-30, 1946 


The revival of annual meetings by the 
whole Association, after a lapse of nearly 
five years except for the meeting in 
Cleveland in 1941, brings with it the re- 
sumption of the Science Exhibition and 
one of its notable features, The Science 
Library. Scientists who have traveled 
the circuit of Association meetings in 
the past twenty years will well remem- 
ber this part of the meetings; younger 
scientists who will be attending a meet- 
ing of the Association for the first time 
have a treat in store for them. Through 
the cooperation of book publishers, uni- 
versity presses, libraries, and foreign 
governments a collection of more than 
one thousand of the most important re- 
cent scientific books and publications 
has been secured and will be placed con- 
veniently for examination. ’ Practically 
every American publisher of scientific 
material is represented in The Science 
Library. "With the help of various for- 
eign embassies and information services, 
it is expected that there will be several 
hundred books from overseas. The in- 
clusion of foreign books on so great a 
scale is an innovation which it is hoped 
will lead to even larger exhibits as the 
years and the meetings pass. 

On the following pages there appears 
a complete list of the books submitted 
for The Science Library as this issue of 
the SM goes to press. Some publishers 
have not yet submitted the titles they 
expect to ship to St. Louis, and the time 
available after it became possible to hold 
a meeting has not been suflScient to re- 
ceive new books from overseas. But 
they have been promised and are said to 
be on the way. It is expected that in 
the six weeks that will elapse between 
this writing and the opening of the 


meeting in St Louis all the necessary 
information about foreign books and 
publications will be available, and it will 
be incorporated in the reprints of the 
lists to be distributed at The Science 
Library. 

The books are classified by major 
branches of science. In addition, each 
publisher has keyed his titles so that 
their level of use can easily be deter- 
mined. The key letters appear at the 
end of the citation for each book and 
can be interpreted from the following 
explanation : 

B: Biography. 

GS : General Science. 

J: Juvenile. 

P: Popular. 

E: Reference. 

S : Study and Teaching. 

TH : Textbooks for High Schools. 

TU : Textbooks for University and Col- 
lege. 

The Science Library will be open from 
8 : 30 A.M. to 6:00 p.M. Through the co- 
operation of the local universities and 
the St. Louis Public Library trained 
librarians wiU be in attendance all day. 
Members who wish to order copies of 
books that they have inspected may do 
so by means of the publishers’ order 
blanks, which will be forwarded to their 
offices at the end of each day. 

The staff members of the Association 
who have worked on this project extend 
an invitation to every attending member 
and visitor to browse among this un- 
usual collection of scientific books. The 
entire Science Library Exhibition will 
be located in the St. Louis Municipal 
Auditorium, and ample facilities wiU be 
available for an unhurried inspection of 
these books. 


277 



278 


THE SCIENTIFIC MONTHLY 


General 

Baitsell, G. a. (ed.)* Science in Progress. 
First Series. 322 pp. (1st ed.) 1939. $4.00. 
Tale. E. 

Baitsell, G. a. (ed.). Science in Progress. 
Second Series. 317 pp. (1st ed.) 1940. 

$4.00. Yale. E. 

BAiTSEiiL, G. A. (ed.). Science in Progress. 
TMrd Series. 322 pp. (1st ed.) 1942. $3.00. 
Yale, E. 

Baitsell, G. a. (ed.). Science in Progress. 
Fourtli Series. 331 pp. (1st ed.) 1945. 

$3.00. Tale. E. (Four volumes of Science 
in Progress sold as set. $12.50.) 

Bawden. Man^s Physical Universe j rev. 832 
pp. $4.00. Macmillan. TU. 

Floheety, J. J. Behind the Microphone. 207 
pp. (1st ed.) 1944- $2.00. Lippincott. J. 
Ploheett, j. j. Plowing Gold. 256 pp, (1st 
ed.) 1945. $2.50. Lippincott. F. 

Floheety, j. j. Inside the P.B.I. 192 pp. 

(1st ed.) 1942. $2.00. Lippincott. P. 
PuENAS, C. C. Storehouse of Civilisation. 562 
pp. (1st ed.) 1939. $3.25. Columbia Uni- 
versity. E. 

Gill, Henry V. Pact and Piction in Modern 
Science, viii plus 136 pp. (2nd printing) 
1945. Eeg. ed., cloth; $2.50. Pordham Uni- 
versity Press. P. 

Gill, Henry Y. Pact and Piction in Modern 
Science, viii plus 136 pp. (2nd printing) 
1945. College ed., paper: $1.00. Fordham 
University Press. TU. 

Guberlet, Muriel. Sermie^s Trailer Souse. 
32 pp. (1st printing) 1945. $1.25. Gattell. 
J. 

Harrison, George Eussell. Sow Things 
WorTc: Science for Young Americans. 288 
pp. (1st ed.) 1941. $2.75. Morrow. J. 
Huntington, E. Mainsprings of Civilisation. 

660 pp. (1st ed.) 1945. $4.75. Wiley. TU. 
Ilin, M. (pseud). Bing and a Biddle. 70 pp. 

(1st ed.) 1944. $2.00. Lippincott. J. 

Ilin, M. (pseud). 100,000 Whys. 137 pp. 

(1st ed.) 1933. $1.60. Lippincott. J. 

Low. Science Loohs Ahead. 640 pp. (1st ed.) 

1942. $4.50. Oxford. J. 

Lucas, J. M. Indian Harvest. 120 pp. (1st 
ed.) 1945. $2.00. Lippincott. J. 

MagNeil. Between Barth and Slcy. 64 pp. 

(1st ed.) 1944. $1.50. Oxford. J. 
McConnell, J. Nurse, Please / 18 pp. (1st 

ed.) 1944. $1.00. Lippincott. P. 

Moore, Uom, T. V. Principles of Bthics. 405 
pp. (1st ed.) 1943. $3.00. Lippincott. E. 


Pollack, Phillip. Careers in Science. 222 pp. 

(1st ed.) 1945. $2.75. E, P. Dutton. P. 
Science in Soviet Bussia, A Symposium of 
Papers Presented at Congress of American- 
Soviet Friendship New York City. 100 pp. 
(1st printing). 1944. $1.50. CatteU. 

Sell. Comprehensive Bnglish- Spanish Techni- 
cal Dictionary. 1400 pp. (1st ed.) 1944. 
$30.00. McGraw-Hill. 

Van Nostrand. Scientific Encyclopedia. 1234 
pp. (1st ed.) 1938. $10.00. Van Nostrand. 

E. 

Yates, E. F. Machines over Men. 250 pp, 
(1st ed.) 1939. $2.00. Lippincott. E. 

Year Booh No. 43. 206 pp. 1944. $1.00 paper; 

$1.50 cloth. Carnegie Inst. E. 

Yost, E. American Women of Science. 232 pp, 
(1st ed.) 1943. $2.00. Lippincott. B. 

Yost, E. Modern Americans in Science and 
Invention. 269 pp. (1st ed.) 1941. $2.00. 

Lippincott, B. 

Aeronautics 

Benham, H. E. Aerial Navigation. 344 pp. 

(1st ed.) 1945. $4.00. Wiley. TU. 
Floheety, j. j. Aviation from Shop to Shy. 
209 pp. (1st ed.) 1941. $2.00. Lippincott. 

J. 

Glaxjert. Elements of Aerofoil and Airscrew 
Theory. 228 pp. $3.50. Macmillan. E. 

Hadingham, Eon all. Astronomical Air Navi- 
gation. 132 pp. 1944. $2.50. Crowell. 

TU & E. 

Kells, Kern, and Bland. Navigation. 479 
pp. (1st ed.) 1943. $5.00. McGraw-Hill. 

TU. 

Liming. Practical Analytic Geometry with 
Applications to Aircraft. 328 pp. $4.50. 
Macmillan. TU. 

Mudge. Meteorology for Pilots. 259 pp. (1st 
ed.) 1945. $3.00. McGraw-HiU. TU. 
Nikolsky, Alexander A. Notes on Heli- 
copter Design Theory. 236 pp. (1st ed.) 
1944. $3.00. Princeton. E. 

Parkinson. Aerodynamics. 112 pp. $2.25. 
Macmillan. P. 

Egberts, Henry W. Aviation Badio. 652 pp. 

(1st ed.) 1945. $5.00. Morrow. P. 
Seerales. English- Spanish and Spanish-En- 
glish Dictionary of Aviation Terms. 131 pp. 
(1st ed.) 1944. $2.50. McGraw-HiU. 

Stewart, Nichols, Walling, and Hill. Air- 
craft Navigation. 146 pp. $1.50. Mac- 
millan. TU. 
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VetteR; Ernest G. Visibility Unlimited: An 
Introduction to the Science of Weather and 
the Art of Practical Flying, 356 pp. IHus. 
(1st ed.) 1942. $4.00. Morrow. P. 

Von Mises. Theory of Flight. (1st ed.) 1945. 
$6.00. McGraw-Hill. TXJ. 

Agriculture 

Anderson. Introductory Animal Eusbandry. 

777 pp. $4.00. Macmillan. TU. 

Barger, E. H., and Card, L. E. Diseases and 
Parasites of Poultry. 399 pp. (3rd ed.) 
1943. $3.75. Lea & Eebiger. TTJ. 

Baver, L. B. Soil Physics. 370 pp. (1st ed.)' ' 

1940. $4.00. Wiley, TXJ. 

Baxter, D. Y. Pathology in Forest Practice. 

627 pp. (1st ed.) 1943. $5.50. WHey. TIT. 
Biester, H. E., and Be Vries, Louis, (ed.). 
Diseases of Poultry. 1,020 pp. (1943, 3rd 
printing 1945) $8.50. CoUegiate Press, Ine. 
T. 

Black, John B. Food Fnough. 280 pp. (1st 
printing) 1943. $2.50. Cattell. P. 

Brandt, Karl. The Peconstruction of World 
Agriculture. 416 pp. (1st ed.) 1945. $4.00. 
Norton. P. 

Brunner, E. deS. Farmers of the World. 
208 pp. (1st ed.) 1945. $2.50. Columbia. 

S. 

Bunge, Arthur C. Economics of Soil Conser- 
vation. 227 pp. (1st ed.) 1942. $3,00. 

Collegiate Press, Inc. E. 

Chandler, W. H. Deciduous Orchards. 438 
pp. (1st ed.) 1942. $4.50. Lea & Eebiger. 
TTJ. 

V Clarke. The Study of the Soil in the Field. 

228 pp. (3rd ed.) 1941. $2.25. Oxford. S. 
,.»Espe, Bwight. Secretion of Milk. 350 pp. 
(1938, 3rd ed. 1945) $3.25. Collegiate Press, 
Inc. T. 

Graham. Natural Principles of Land Use. 

288 pp. (1st ed.) 1944. $3.50. Oxford. P. 
Gustafson. Soils # Soil Management. 424 
pp. (1st ed.) 1941. $3.00. McGraw-HiH. 

TXJ. 

X , Hammer, B. W. Dairy Bacteriology. 482 pp. 
(2d ed.) 1938. $5.00. Wiley. TH. 

Hogner. Farm Animals. 196 pp. (1st ed.) 
1945. $3.50. Oxford. J. 

X Millar, 0. E., and Turk, L. M. Fundamentals 
of Soil Science. 462 pp. (1st ed.) 1943. 
$3.75. Wiley. TXJ. 

Krynine. Soil Mechanics. 451 pp. (1st ed.) 

1941. $5.00. MeGraw-HiH. TXJ. 

Lush, Jay L. Animal Breeding Plans. 444 
pp. (1937, 3rd ed. 1945) $3.50. CoUegiate 
Press, Ine. T. 


Lyon & Buckman. Nature and Properties of 
Soils. 499 pp. (4tli ed.) $3.50. MacmiUan. 
TH. 

Marshall & Halnan. Physiology of Farm 
Animals. 339 pp. (3rd ed.) $4.50. Mac- 
millan. E. 

Merchant, I. A. Veterinary Bacteriology. 
640 pp. (3rd ed.) 1945. $6.50. CoUegiate 
Press, Inc. T. 

Perry, Enos J. The Artificial Insemination of 
Farm Animals. 266 pp. (1st ed.) 1945. 
$3.50. Eutgers. S & P. 

Schultz, Bedirecting Farm Policy. 75 pp. 
$1.00. MacmiUan. R. 

Van Bersal. The American Land: Its History 
and Uses. 231 pp. (1st ed.) 1943. $3.75. 

Oxford. P. 

Anthropology 

Boas, Eranz, and others. General Anthropol- 
ogy. 729 pp. (1st ed.) 1938. $4.00. Heath. 
TH. 

Cole-Cooper. Peoples of Malay. 362 pp. (1st 
ed.) 1945, $4.00. Van Nostrand. E. 
Cressman, L. S., and coUaborators. Archae- 
ological Researches in the Northern Great 
Basin. 158 pp. 1943. $3.00 paper; $4.00 

cloth. Carnegie Inst. GS. 

BuBois, Cora. The People of Alor. 654 pp. 
(1st ed.) 1944. $7.50. Hniv. of Minnesota. 
E. 

Gray. Man and Eis Physical World. 665 pp. 

(1st ed.) 1942. $3.75. Van Nostrand. TH. 
ILIN, M. (pseud). Eou) Man Became a Giant. 
265 pp. (1st ed.) 1942. $2.00. Lippincott. 

J. 

ElENNEDY, E. Bibliography of Indonesian Peo- 
ples and Cultures. 212 pp. (1st ed.) 1945 ^ 
$2.50. Yale. R. 

Kidder, A. V., and Euppert, K., et al. Contri- 
butions to American Anthropology and His- 
tory Vol. VIII, Nos. 40 to 4S. 260 pp. 1944. 
$3.50 paper; $4.00 cloth. Carnegie Inst. GS, 
Leighton, Alexander H. (Lt. Comdr. HSNR, 
Medical Corps). The Governing of Men. 
420 pp. (1st ed.) 1945. $3.75, Princeton. 
P. 

Linton, Ralph. Cultural Background of Per- 
sonality. 157 pp. (1st ed.) 1945. $1.50. 

Appleton-Century. R. 

Linton, R. The Science of Man in the World 
Crisis. 520 pp. (1st ed.) 1945. $4.00. Co- 
lumbia. S. 

Lowib, R. H. An Introduction to Cultural 
Anthropology. 584 pp. 1940. $4.00. Rine- 
hart. TH. 

MacCurdy, G. G. Early Man. 362 pp. (1st 
ed.) 1937. $5.00. Lippincott. S. 
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Malinowski, B. The Dynamics of Culture 
Change. 171 pp. (1st ed.) 1945. $2.50. 

Yale. E. 

MeaDj Margaret. From the South Seas: 
Studies of Adolescence and Sex in Primitive 
Societies. 1088 pp. (1st ed.) 1939. $4^00. 
Morrow. P. 

Montagu, M. P. Ashley. Man^s Most Danger- 
ous Myth: The Fallacy of Face. 304 pp. 
(2nd ed.) 1945. $3.25. Columbia. S. 
Murdock, G-. P., et al. Outline of Cultural Ma- 
terials. 56 pp. (1st ed.) 1945. $1.00. Yale. 
E, 

Eoys, Ealph L. The Indian Bachyround of 
Colonial Yucatan. 244 pp. 1944. $1.75 

paper; $2,75 cloth. Carnegie Inst. GS. 
Euppeet, Karl, and Denison, Jr. John H. 
Archaeological Feconnaissance in Campeche, 
Quintana Foo, and Peten. 156 pp. 1943. 
$4.25 paper; $4.75 cloth. Carnegie Inst. GS. 
Villa, Alfonso E. The Maya of Fast Central 
Quintana Foo. 182 pp. 1945. $2.25 paper; 
$2.75 cloth. Carnegie Inst. GS. 

• Astronomy 

Baker. Astronomy. 527 pp. (3rd ed.) 1938. 

$3.75. Van Nostrand. TU. 

Barton and Barton. Guide to the Constella- 
tions. 80 pp. (3rd ed.) 1943. $3.00, Mc- 
Graw-Hill, P. 

Beet. A Text-looh of Flementary Astronomy. 

110 pp. $2.00. Macmillan, TU. 

BoK, B. J. and P, P. The Milky Way. 224 pp. 

(2nd ed.) 1945. $3,00. Blakiston. S. 
Campbell, L., and Jacchia, L, The Story of 
Variable Stars. 226 pp. (1st ed.) 1941, re- 
printed 1945. $3.00. BlaMston. S. 
Chandrasekhar, Subrahmanyan. Introduc- 
tion to Stellar Structure. 509 pp. (1st ed.) 
1939. $10.00. Univ. of Chicago. E. 
Chandrasekhar, Subrahmanyan. Principles 
of Stellar Dynamics. 251 pp. (1st ed.) 1942. 
$5.00. Univ. of Chicago. B. 

Dimitroff, G. Z., and Baker, J. G. Telescopes 
and Accessories. 309 pp. (1st ed.) 1945. 
$3.00. Blakiston. S. 

Duncan, John Charles. Astronomy. 520 pp. 

(4th ed.) 1946. $4,50. Harper. TU. 

Dunham. What’s in the Sky? 48 pp. (1st 
ed.) 1941. $1.00. Oxford. J. 

Dyson and Woolley. FcUpses of the Sun and 
Moon. 168 pp. (1st ed.) 1937. $5.50. Ox- 
ford. S. 

Path. Elements of Astronomy. (4th ed.) 
1944. $3.00. McGraw-Hill. TU. 


PiSHER, C., and Lockwood, M. Astronomy. 

205 pp. (1st ed.) 1940. $2.25. Wiley. TU. 
Goldberg, L., and Aller, L. H. Atoms, Stars 
and Nebulae. 323 pp. (Ist ed.) 1943, re- 
printed 1945. $3.00. Blakiston. S, 
Mieville. Astronomical Navigation Without 
Math. 25 pp. $.65. Macmillan. P. 

Paneth. The Origin of Meteorites. 27 pp. 

(Ist ed.) 1940. $.85. Oxford. S. 

Shapley, H. Galaxies. 229 pp. (1st ed.) 1943, 
reprinted 1945. $3.00. Blakiston. S. 

Shuts, Shirk, Porter, and Hemenway. In- 
troduction to Navigation and Nautical 
Astronomy. 457 pp. $4.50. Macmillan. 
TU. 

Smart. Text-book of Spherical Astronomy, 
(4th ed.) 420 pp. $4.75. Macmillan. TU. 
Starr, Victor P. Basic Principles of Weather 
Forecasting. 299 pp. (1st ed.) 1942. $3.00. 
Harper. TU & E. 

Watson, P. G. Between the Planets. 222 pp. 
(1st ed.) 1941, reprinted 1945. $3.00. Blak- 
iston. S. 

Whipple, P. L. Earth, Moon and Planets. 
293 pp. (1st ed.) 1941, reprinted 1945. $3.00. 
Blakiston. S. 

Biology 

Adolph, Edward P. Physiological Fegula- 
tions. 500 pp. (1st printing) 1943. $7.50. 
Cattell. E. 

Baker, P. C. The Molluscan Family Planor- 
bides. 530 pp. (1st ed.) 1945. $14.50. 

Univ. of Illinois. S. 

Bawden, P. 0. Plant Viruses and Virus Dis- 
eases. 294 pp. (2nd rev. ed.) 1943. $4.75. 
Chronica Botanica Co. 

Beaty, J. Y. Nature is Stranger than Fiction. 
283 pp. (1st ed.) 1940. $2.00. Lippincott. 

J. 

Becker, E. E., and Eoudabush, E. L. Brief 
Directions in Histological Technique. 90 pp. 
(1935, 5th printing 1945), $1.00. Collegiate 
Press, Inc. T. 

Biological Symposia, Vol. IV. 302 pp. (1st 
printing) 1941. $3.00. CatteU. E. 

Biological Symposia, Vol. V. 258 pp. (2nd 
printing) 1941. $3.00. Cattell. E. 

Biological Symposia, Vol. VI, 360 pp. (1st 
printing) 1942. $3,50. Cattell. E. 

Biological Symposia, Vol. VIII. 360 pp. (2nd 
printing) 1942. $2.50. Cattell. E. 

Biological Symposia, Vol. IX. 145 pp. (2nd 
printing) 1942. $2.50. Cattell. E. 

Biological Symposia, Vol. X. 342 pp. (1st 
printing) 1943. $3.50. Cattell. E. 
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Biological Symposia, Vol. XI. 250 pp. (1st 
printing) 1945. $3.00. CatteU. E. 

Bourne. Cytology and Cell Physiology. 308 
pp, (1st ed.) 1942. $6.00. Oxford. S. 
Breland. Manual of Comparative Anatomy. 
250 pp. (1st ed.) 1943. $2.00. MeCraw- 

Hill. TH. 

Bridges, Calvin B., and Brehme, Katherine 
S. The Mutants of Drosophila Melanogaster. 
257 pp. 1944. $2.50 paper; $3.00 cloth. 

Carnegie Inst. GS. 

Brody, Samuel. Bioenergetics and Growth. 
1023 pp. (1st ed.) 1945. $8.50. Reinhold. 
R. 

Bruere, M. B. Your Forests. 159 pp. (1st 
ed.) 1945. $2.50. Lippineott, J. 

Cain, Stanley A. Foundations of Plant 
Geography. 556 pp. (1st ed.) 1944. $5.00. 
Harper. TU & R. 

Campbell, Arthur S. The Oceanic Tintinnoina 
of the PlanMon Gathered during the Last 
Cruise of the Carnegie. 163 pp. 1942. $1.50 
paper; $2.50 cloth. Carnegie Inst. GS. 
Chandler, A. C. Introduction to Parasitology. 

716 pp. (7th ed.) 1944. $5.00. Wiley. TU, 
Chaney, Ralph W., et al. Pliocene Floras of 
California and Oregon. 407 pp. 1944. 
$4.50 paper; $5.00 cloth. Carnegie Inst. 
GS. 

Clausen, Jens, Keck, David D., and Hiesey, 
Wm. M. Experimental Studies on the Na- 
ture of Species. II. Plant Evolution through 
Amphiploidy and Autoploidy. 174 pp. 1945. 
$1.25 paper; $2.00 cloth. Carnegie Inst. 
GS. 

Clements, E. E., .and Shelpord, V. E. Bio- 
Ecology. 425 pp. (1st ed.) 1939. $4.50. 

Wiley. TU. 

Cole. A History of Comparative Anatomy. 

524 pp. $7.00. Macmillan. R. 

Comstock, Anna B. The HandhooTc of Nature 
Study. XX plus 937 pp. Illus, (24th ed.) 
1939. $4.50. Comstock. TH. 

CoWDRY, E. y. A TexthooTc of Histology. 426 
pp. (3rd ed.) 1944. $7.00. Lea & Fehiger. 
TU. 

Curtis, W. C., and Guthrie, M, J. Texfboolc 
of General Zoology. 682 pp. (3rd ed.) 1938. 
$3.75. Wiley. TU. 

Davson & Banielli. Permeability of Natural 
Membranes. 361 pp. $4.75. Macmillan. R. 
Detwiler. Vertebrate Photoreceptors. 184 pp. 
$4.00. Macmillan. R. 

Dobzhansky, Th., and Epling, Carl. Contri- 
butions to the Genetics, Taxonomy and Ecol- 
ogy of Drosophila pseudoobscura and its 


Belatives. 183 pp. 1944. $2.25 paper; 

$2.75 cloth. Carnegie Inst. GS. 

Dodds, G. S. Human Embryology. 314 pp. 

(3rd ed.) 1946. $4.00. Wiley. TU. 

Dodge and Rickett. Diseases and Pests of 
Ornamental Plants. 638 pp. (1st printing) 
1943. $6.50. CatteU. R. 

DuNouy, Lecomte. Studies in Biophysics: 
The Critical Temperature of Serum {56°). 
185 pp. (1st ed.) 1945. $3.50. Reinhold. 

R. 

Eberson, Frederick. The Microbe’s Chal- 
lenge. 354 pp. (1st printing) 1941. $3.50. 

CatteU. P. 

Eddy, S-, Oliver, C. P., and Turner, J. P. 
Atlas of Outline Drawings of the Dogfish 
Sharlc, the Necturus, and the Cat for Verte- 
brate Anatomy. 77 pp. (1st ed.) 1940. 
$1.50. WUey. TU. 

Eddy, S., Oliver, C. P., and Turner, J. P. 
Guide to the Study of the Anatomy of the 
Sharlc, the Necturus, and the Cat. 100 pp. 
(1st ed.) 1939. $1.50. WUey, TU. 
Erdtman, G. An Introduction to Pollen 
Analysis. 239 pp. 1943. $5.00. Chronica 

Botanica Co. 

Ergebnisse der Vitamin — Und Hormonfor- 
schung (a reprint). 2 volumes, 1021 pp. 
$16.00. Academic. TU, R & S. 

Fernald and Shepard. Applied Entomology. 
400 pp. (4th ed.) 1942. $3.50. McGraw- 

HUl. TU. 

Ford, C. S. A Comparative Study of Human 
Eeproduction. Ill pp. (1st ed.) 1945. 
$1.50. Yale. R. 

Fox, Irving. Fleas of Eastern United States. 
200 pp. (1st ed.) 1940. $3.00. Collegiate 

Press, Inc. R. 

Fritsch. The Structure ^ Eeproduction of 
the Algae, Vol. I. 791 pp. $7.00. Mac- 
millan. R. 

Fritsch. The Structure 4' Eoproduction of 
the Algae, Vol. II. 939 pp. $12.00. Mae- 
mUlan. R. 

Gentry, Howard S. Eio Mayo Plcmts. 328 
pp. 1942. $2.25 paper; $2.75 cloth. Car- 
negie Inst. GS. 

Gerard, R. W. The Body Functions. 289 pp. 

(1st ed.) 1941. $2.25. WUey. TU. 

Gilman, J. C. A Manual of Soil Fungi. 392 
pp. (1st ed.) 1945. $5.00. CoUegiate Press, 
Inc. R. 

Glass, Bentley. Genes and the Man. 386 pp. 
(1st ed.) 1943. $3.50. Columbia University. 
R. 

Graham, Herbert W. Studies in the Mor- 
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phology, Taxonomy j and Ecology of the 
Feridiniales. 129 pp. 1942, $1.50 paper; 

$2.00 elotli. Carnegie Inst. GS. 

GrahaMj Herbert W., et al. Biological Be- 
suits of the Last Cruise of the Carnegie. 92 
pp. 1943. $1.00 paper; $1.50 cloth. Car- 

negie Inst. GS. 

Graham, Herbert W., and Bronikonsky, 
Natalia. The Genus Ceratium in the Pacific 
and North Atlantic Oceans. 209 pp. 1945. 
$2.00 paper; $2,50 cloth. Carnegie Inst. 
GS. 

Gray, H., Lewis, W. H. (ed.). Anatomy of 
the Human Body. 1428 pp. (24th ed.) 1942. 
$12.00. Lea & Febiger. TIT. 

Grui^'eberg. The Genetics of the Mouse. 412 
pp. $7.00. Macmillan. B. 

Gubeelet, Muriel. The Seashore Parade. 197 
pp. (2nd printing) 1942. $1.75. Cattell. 

J. 

Gijyer, Michael F. Animal Biology, 735 pj). 

(3rd ed.) 1941. $4.00. Harper. TU. 

Harris, Egbert S., and Thimanh, Kenneth V, 
(ed.). Vitamins and Hormones, Advances in 
Besearch and Application. Vol. I. 452 pp. 
1943. $6.50. Vol. II. 514 pp. 1944. $6.80. 
Vol. III. 420 pp. 1945. $6.50. Academic. 
TU, E & S. 

Harvey. Becent Advances in the Chemistry 4' 
Biology of Sea Water. 148 pp. $4.75. Mac- 
millan. E. 

Hayes and Immer. Methods of Plant Breed- 
ing. 423 pp. (1st. ed.) 1942. $4.00. Mc- 
Graw-HiU. TU. 

Headlee, Thomas J. The Mosquitoes of New 
Jersey and Their Control. 326 pp. (1st ed.) 
1945. $4.00. Eutgers. S. 

Heald. Introduction to Plant Pathology. 603 
pp. (2nd ed.) 1943. $4.00. MeGraw-HiU. 

TU. 

B[enrici, Arihtje T. The Biology of Bacteria, 
An Introduction to General Microbiology. 507 
pp. (2nd ed.) 1939. $3.75. Heath. TU. 
Hesse, E., Allee, W. C., and Schmidt, K. P. 
Ecological Animal Geography. 597 pp. (1st 
ed.) 1937. $6.00. Wiley. TU. 

Hober, E,, and collaborators. Physical Chem- 
istry of Cells and Tissues. 676 pp. (1st ed.) 
1945. $9.00, Blakiston. TU. 

Hognee. The Animal Booh: American Mam- 
mMs North of Mexico. 223 pp. (1st ed.) 
1942. $3.50. Oxford. J. 

Holman, E. M., and Bobbins, W. W. General 
Botany. 663 pp. (4th ed.) 1938. $4.00. 

Wiley. TU. 

Holman, E. M., and Bobbins, W. W. Elements 


of Botany. 392 pp. (3rd ed.) 1940. $2.75. 
Wiley. TU. 

Horseall, j, G. Fungicides and Their Action. 

239 pp. 1945. $5.00. Chronica Botanica. 
JoHANNSEN and Butt. Embryology of Insects 
Myriapods. 462 pp. (1st ed.) 1941. $5.00. 
McGraw-Hill. TU. 

Kenoyer, Leslie A., and Goddard, Henry N. 
General Biology. 653 pp. (Eev. ed.) 1945. 
$4.50. Harper. TU. 

Kubiena, Walter L. Micropedology. 260 pp. 
(1st ed.) 1938. $3.00. Collegiate Press, 

Inc. T. 

Laurie and Bice. Floriculture — Fundamen- 

tals and Practices. 496 pp. (1st ed.) 1942. 
$4.00. McGraw-Hill. 

Lillie, Ealph Stayner. General Biology and 
Philosophy of Organism. 215 pp. (1st ed.) 
1945. $3.00. Univ. of Chicago. E. 

MacBougall and Hegner. Biology: The Sci- 
ence of Life. 963 pp. (1st ed.) 1943. $4.00. 
McGraw-Hill. TU. 

Martin, Emmett. Studies of Evaporation and 
Transpiration under Controlled Conditions. 
44 pp. 1943. $.40 paper. Carnegie Inst. 

GS. 

Mayr, E. Systematics and the Origin of Spe- 
cies. 334 pp. (1st ed.) 1942. $4.00. Colum- 
bia. S. 

McCay, C. M. Nutrition of the Bog. 140 pp. 

Ulus. 1943. $1.50. Comstock. E. 
McCulloch, E. C. Bisinfection and Sterilisa- 
tion. 472 pp. (2nd ed.) 1945. $6.50. Lea 
& Febiger. E. 

Meyer, A. Plant Physiology. 696 pp. (1st 
ed.) 1939. $4.50. Van Nostrand. TU, 

Miscellaneous. Contributions to Embryology. 
Vol. XXX. Papers Nos. 187-197. 245 pp. 

1943. $4.50 paper; $5.00 cloth. Carnegie 

Inst. GS. 

Miscellaneous. Contributions to Embryology, 
Vol. XXXI. Nos. 198-m. 175 pp. 1945. 
$4.50 paper; $5.00 cloth. Carnegie Inst. GS. 
Morris, Percy A. They Hop and Crawl. 253 
pp. (2nd printing) 1944. $3.50. Cattell. P. 
Needham, James G. Introducing Insects. 129 
pp. (3rd printing) 1940. $1.75. Cattell. J. 
Needham, James G. About Ourselves. 276 pp. 

(2nd printing) 1941. $3.00. Cattell. P. 
Needham. Biochemistry 4r Morphogenesis. 787 
pp. $12.50. Macmillan. E. 

Parshley, H. M. Biology. 232 pp. (1st ed.) 

1940. $2.25. Wiley. TU. 

Preston, Eichard J. Bocky Mountain Trees. 
368 pp. (1st ed.) 1940. $2.00. Collegiate 
Press, Inc. B. 
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Eodgees, Andrew Benny, III. American 
Botany: 1873-1892, Decades of Transition. 
350 pp. (1st ed.) 1944. $p.75. Princeton. 
P. 

Eodgers, Andrew Benny, III. John Merle 
Coulter: Missionary in Science. 332 pp. (1st 
ed.) 1944. $3.75. Princeton. B. 

Eomer, Alfred Sherwood. Vertebrate Paleon- 
tology. 687 pp. (2nd ed.) 1945. $7.50. 

Univ, of Chicago. TIT. 

Ednnells, Eussell a. Animal Pathology. 608 
pp. (3rd ed.) 1944. $6.00. Collegiate Press, 
Inc. T. 

Eussell. The Directiveness of Organic Activ- 
ity. 200 pp. $2.50. Macmillan. P. 

ScHEiNFELD, A. You and Heredity. 429 pp. 
(1st ed.) 1939. $3.00. Lippincott. P. 

Schmidt, Hubert G. Bural Hunterdom. 356 
pp. (1st ed.) 1945. $3.50. Eutgers. P. 
SCHOPFER, W. H. Plants and Vitamins, transl. 
by N. L. Noecker. 300 pp. 1943. $4.75. 
Chronica Botaniea. 

Schrader, F. Mitosis. 110 pp. Ulus. (1st 
ed.) 1944. $2.00. Columbia. S. 

SCHRODINGER. What Is Life. 91 pp. $1.75. 
Macmillan. P. 

Sharp. Fundamentals of Cytology. 270 pp. 

(1st ed.) 1943. $3.00. McGraw-HiU. TU. 

Sherman, H. C. The Science of Nutrition. 253 
pp. (Ist ed.) 1943. $3.00. Columbia, 8. 

Shumway, W. Introduction to Vertebrate Em- 
bryology. 372 pp. (4th ed.) 1942. $4.00. 
Wiley. TU, 

Snedegor, George W. Statistical Methods: 
Applied to Experiments in Agriculture and 
Biology. 650 pp. (1937, 4th ed, 1946.) 
$4.50. CoUegiate Press, Inc. T. 

Snyder, Laurence H. The Principles of Hered- 
ity. 466 pp. (3rd ed.) 1946. $3.75. Heath. 
TU. 

Stiles. Laboratory Explorations in General 
Zoology. 265 pp. $2.50. Macmillan. TU. 
Stiles, K. HandbooTc of Microscopic Charac- 
teristics of Tissues and Organs. 204 pp. (2nd 
ed.) 1943, reprinted 1944. $1.50. BlaMston. 
TU. 

Storer. General Zoology. 798 pp. (1st ed.) 
1943. $3.75. McGraw-Hill. TU. 

Storer. Laboratory Manual for General Zool- 
ogy. (1st ed.) 1944. $1.25. McGraw-Hill. 

TU. 

Strausbaugh, P. B., and Weimer, B. E. Ele- 
ments of Biology. 461 pp. (1st ed.) 1944. 
$3.25. Wiley. TU. 


Sumner, Francis B. The Life History of an 
American Naturalist. 300 pp. (1st printing) 
1945. CatteE. $3.00. B. 

Symposium on Hydrobiology, A. 405 pp. (1st 
ed.) 1941. $3.50. Univ. of Wisconsin. E. 

Symposium on Respiratory Enzymes, A. 281 pp. 
(1st ed.) 1942. $3.50. Univ. of Wisconsin. E. 

Tanner, F. W. Bacteriology — A Textboolc of 
Microorganisms. 510 pp. (3rd ed.) 1937. 
$3.50. Wiley. TU. 

Taylor, Hugh Stott, Lawrence, Ernest O., 
Langmuir, Irving. Molecular Film, the Cyclo- 
tron, and the New Biology. Ill pp. (1st ed., 
2nd print, "with introduction not included in 
1st print.) 1946. $2.00. Eutgers. P. 

Tennent, Bavh) H. The Photodynamic Action 
of Dyes on the Eggs of the Sea Urchin, ly- 
techinus vaHegatus. 153 pp. 1942. $1.25 

papery $1.75 cloth. Carnegie Inst. GS. 

Thompson, Warren S. Plenty of People. 251 
pp. (1st printing) 1944. $2.50. CatteU. P. 

Transeau, Edgar N., Sampson, H. C., and 
Tiffany, L. H. Textboolc of Botany. 812 
pp. (1st ed.) 1940. $4.50. Harper. TU. 

Veedoorn, Frans (ed.). Chronica Botaniea, 
an International Collection of Studies in the 
Method and History of Biology and Agricul- 
ture, Yol. 8. 460 pp. $8.75 (buckram) or 
$7.50 (paper). Chronica Botaniea Co. 

Veedoorn, Frans (ed.). Plants and Plant 
Science in Latin America, xi plus 384 pp. 
1945. $6.00. Chronica Botaniea. 

White. Animal Cytology and Evolution. 360 

pp. $12.00. Macmillan. E. 

White, Philip E. A HandbooTc of Plant 
Tissue Culture. 278 pp. (1st printing) 
1943. $3.75. CatteU. E. 

Wilson, Charles B. Copepods of the PlanTcton 
Gathered During the Last Cruise of the Car- 
negie. 237 pp. 1942. $2.50 paper j $3.50 

cloth. Carnegie Inst. GS. 

Wilson, Perry W. The Biochemistry of Symbi- 
otic Nitrogen Fixation. 302 pp. (1st ed.) 
1940, $3.50. Univ. of Wisconsin. E. 

Wodehouse, E. P. Hayfever Plants, Their Ap- 
pearance, Distribution, Time of Flowering 
and Their Role in Hayfever. 245 pp. 1945. 
$4.75. Chronica Botaniea Co, 

Young, Clarence W., Hylander, Clarence J., 
and Stebbins, G. L. The Human Organism 
and the World of Life : A Survey in Biologi- 
cal Science. 657 pp. (1st ed.) 1938. $3.50. 
Harper. TU. 

Yocum, L. E. Flant Growth. 225 pp. (1st 
printing) 1945. $3.00. CatteU. P. 
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Chemistry 

ADxIMSj E. Organic Beactions, VoL I. 391 
pp. (1st ed.) 1942. $4.00. Wiley. TU. 
Adams, E. Organic Reactions, Vol, II. 461 
pp. (1st ed.) 1944. $4.50. Wiley. TU. 
Adkins, Homee. Reactions of Hydrogen With 
Organic Componnds Over Copper-Chromium 
Oxide and NicTcel Catalysts. 178 pp. (1st 
ed.) 1937. $3.00. Umv. of Wisconsin. E. 
Alexander, Jerome. Colloid Chemistry. Vol. 

5. 1257 pp. (1st ed.) 1944. $20.00. Eein- 
hold. E. 

Alexander, Jerome. Colloid Chemistry. Vol. 

6. 1215 pp. (1st ed.) 1946. Eeinhold. E. 
Anderson, Harold Y., and Hazelhtjrst, 

Thomas H. Qualitative Analysis. 266 pp. 
(Ee¥. 3rd ed.) 1944. $2,75. Prentiee-Hall. 
Anson, M. L., and Edsal, John T. (ed.). Ad- 
vances in Rrotein Chemistry. Yol. I. 341 
pp. 1944. $5.50. Yol. IL 443 pp. 1945. 
$6.50. .Academic. TU, E & S. 

Aeenson, Saul B. How to Solve Rrohlems in 
Quantitative Analysis. 89 pp. (1st ed.) 
1942.' $.75. CxoweU. TU. 

Arenson, Saul B., and Edsyesohl, GtEoege. 
Introduction to Quantitative Analysis. 386 
pp. (1st ed.) 1944. $2.75. CroweU. TU. 
Abenson, Saul B., and Eieveschl, G-eorge. 
Laboratory Hotebooh for Introduction to 
Quantitative Analysis. 92 pp. (1st ed.) 
1944. $.75. Crowell, TU. 

Arthur and Smith. Semimiero Qualitative 
Analysis. 322 pp. (2nd ed.) 1942. $2.75, 
McGraw-Hill. TU. 

Babor, Jos, A. Basic College Chemistry. 700 
PP- (approx.) 1946. $3.75 (prob.). Crowell. 
TU. 

Babor, Jos. A. Periodic Table Based on Elec- 
tron Configuration. 1944. $.60 per dozen. 
Crowell. TU. 

Babor, Jos. A., and Kremer, Chester B. 
How to Solve Problems in General Chemistry. 
88 pp. (1st ed.) 1941. $.75. CroweE. TU. 
Babor, Jos. A., and Lehrman, Alexander. 
General College Chemistry. 659 pp. (2nd 
ed.) 1940. $3.75. Crowen. TU. 

Babor, Jos. A., and IiEHeman, Alexander. 
Laboratory Manual for Introductory Col- 
lege Chemistry. 284 pp. (Bnl, ed.) 1944. 
$1.75. CroweE. TU. 

Babor, Jos. A., and Lehrman, Alexander. 
Selected Experiments from Laboratory Man- 
ual for Introductory College Chemistry. 128 
pp. (1st ed.) 1944. $1.00. CroweE. TU. 
Babor, Jos. A., and Lehrman, Alexander. 
Laboratory Manual for General College 


Chemistry, 289 pp. (Eev, ed.) 1940. $1.75. 
Crowell. TU. 

Babor, Jos. A., and Lehrman, Alexander. 
Introductory College Chemistry. 662 pp. 
(2nd ed.) 1941. $3.50. CroweE. TU. 
Babor, Jos. A., and Thiessen, Garrett W. 
How to Solve Problems in Physical Chem- 
istry. 215 pp. (1st ed.) 1944. $1.25. 

CroweE. TU. 

Babor, Jos. A., and Mac alpine, J. Kenneth 
W. How to Solve Problems in Qualitative 
Analysis. 93 pp. (1st ed.) 1943. $.75. 

Crowell. TU. 

Bachmann, W. E. Organic Syntheses, Yol. 25. 

120 pp. 1945. $2.00. WEey. TU. 
Bamann, E., and Myrbaeck, K. (ed.). Lie 
Methoden der Fermentforschung (a reprint). 
4 volumes, 3385 pp. $65.00. Academic. E. 
Bebie, Manual of Explosives, Military Pyro- 
technics and Chemical Warfare Agents. 139 
pp. $2.50. Macmillan. E. 

Bell. American Petroleum Refining. 619 pp. 

(3rd ed.) 1945. $7.50. Yan Nostrand. E. 
Berry. Modern Chemistry. 250 pp. $2.50. 
Macmillan. E. 

Bircher, Louis J.. Physical Chemistry: A 
Brief Course. 429 pp. 1940. $3.00. Pren- 
tiee-Hall. 

Blatt, a. H. Organic Syntheses, Collective, 
Yol. 11. 663 pp. (1st ed.) 1943. $6.50. 

Wiley. TU. 

Bodansky, M. Introduction to Physiological 
Chemistry. 686 pp. (4th ed.) 1938. $4.00. 
WEey. TU. 

Booth and Damerell. Quantitative Analysis. 
303 pp. (2nd ed.) 1944. $2.50. McGraw- 
HiE. TU. 

Branch, Gerald E. K. The Theory of Organic 
Chemistry: An Advanced Course. 523 pp. 
1941. $4.00. Prentice-HaE. 

Brinkley. Introductory General Chemistry. 

645 pp. (3rd ed.) $4.00. MacmiUan. TU. 
Erode, W. E. Chemical Spectroscopy. 679 pp. 

(2nd ed.) 1943. $7.50. WEey. TU. 

Brown, C. A., and Zeeban, E. W. Physical 
and Chemical Methods of Sugar Analysis. 
1353 pp. (3rd ed.) 1941. $15,00. Wiley. 

TU. 

Brunauer, Stephen. The Adsorption of Gases 
and Vapors: Volume I — Physical Adsorption. 
520 pp. (1st ed.) 1943. $7.50. Princeton. 
E. 

Bull, H. B. Physical Biochemistry. 347 pp. 

(1st ed.) 1943. $3.75. WEey. TU. 

Bunn. Chemical Crystallography: An Intro- 
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duction to Optical and X~Bay Methods. 401 
pp. (1st ed.) 1945. $7.50. Oxford. S. 
Gantaeow, Abraham, and Teumper, Mas. 
Clinical Biochemistry. 647 pp. 29 illns. 
(3rd ed.) 1945. $6.50. Saunders. 

Chapin, W, H., and Steiner, L. E. Second 
Year College Chemistry. 573 pp. (5tli ed.) 
1943. $3.75. Wiley. TU. 

Gheeonis, Nicholas D., and Enteikin, John 
B. Semimicro Qualitative Organic Analysis. 
450 pp. (approx.) 1946. $3.75 (prob.). 

Crowell. TU. 

Gheeonis, Nicholas D. Semimicro and Macro 
Organic Chemistry. 388 pp. plus 110 pp. of 
Questions and Eeport Forms. (1st ed.) 1942. 
2.75. Crowell. TU. 

Gheeonis, Nicholas D. Organic Chemistry. 
728 pp. (1st ed.) 1941. $4.00. Crowell. 

TU, 

Clark, E. P, Semimicro Quantitative Organic 
Analysis. 135 pp. 1943. $2.50. Academic. 
TU. 

CoiTH. So You Wa7it to he a Chemist.^ 128 
pp. (1st ed.) 1943. $1.50. MeGraw-HiU. 
CooNAN, Frederick L. Principles of Physical 
Metallurgy. 238 pp. (1st ed.) 1943. $3.25. 
Harper, TU. 

Creighton, H. J., and Koehler, W. A. Prin^ 
ciples and Applications of Electrochemistry, 
Vol. I. Principles. 477 pp. (4tli ed.) 
$5.00. Wiley. TU. 

Creighton, H. J., and Koehler, W. A. Prin- 
ciples and Applications of Electrochemistry, 
Vol. II. Applications, 573 pp. (2nd ed.) 
$5.00. Wney. TU. 

Dalla Valle, J. M. Micromeritics : The Tech- 
nology of Pine Particles. 428 pp. (1st ed.) 
1943. $8.50. Pitman. E. 

Daniels, Mathews, and Williams. Experi- 
mental Physical Chemistry. 236 pp. (3rd 
ed.) 1941. $2.50. MeGraw-HiU. TU. 
Deming, H. G. General Chemistry. 706 pp. 

(5tli ed.) 1944. $3.75. Wiley. TU. 
Deming, H. G., and Hendricks, B. C. Intro- 
ductory College Chemistry. 521 pp. (2nd 
ed.) 1942. $3.00. Wiley. TU. 

Dole, M. The Glass Electrode. 332 pp. (1st 
ed.) 1941. $4.50, Wiley. TU. 

Egloep, GtrsTAv. Physical Constants of Sydro- 
carhons. Vol. Ill — Mononuclear Aromatics 
Hydrocarbons. 665 pp. (1st ed.) 1946. 
$15,00. Eeinhold. E. 

Engsldee, C. j. Qualitative Analysis. 344 pp. 

(3rd ed.) 1942. $2.50. Wiley. TU. 
Engelder, G. j. Quantitative Analysis. 283 
pp. (3rd ed.) 1943. $2.75. WHey. TU. 


Engelder, G. X, Dunkeleeegeb, T. H., and 
Schiller, W. J. Semi-Micro Qualitative 
Analysis. 305 pp. (2nd ed.) 1940. $2.75. 

Wiley. TU. 

Eyeing, H., Walter, X, and Kimball, G. E. 
Qua^itum Chemistry. 364 pp. (1st ed.) 1944. 
$5.00. Wiley. TU. 

Feigl, Fritz. Laboratory Manual of Spot 
Tests. 276 pp. 1943. $3.90. Academic. 

TU. 

Fieser, Louis F., and Mary. Organic Chem- 
istry. 1103 pp. (1st ed.) 1944. $6.00. 

Heath. TU. 

Fieser, Louis F., and Mary. Organic Chem- 
istry, Abridged. 710 pp. (1st ed.) 1944. 
$4.00. Heath. TU. 

Foster, A. Introduction to General Chemistry. 
790 pp. (2nd ed.) 1941. $3.75. Van Noa- 
trand. TU. 

Fotos, j. T., and Bray, J. L. Introductory 
Leadings in Chemical and Technical German. 

303 pp. (1st ed.) 1941. $2.50. Wiley. TU. 
Fotos, J. T., and Shreve, E. N. Intermediate 

Leadings in Chemical and Technical German. 
219 pp. (1st ed.) 1938. $1.90. Wiley. TU. 
Fotos, X T., and Shreve, E. N. Advanced 
Leadings in Chemical and Technical German. 

304 pp. (1st ed.) 1940. $2.50. Wiley. TU. 
Fotos, J. T., and Bray, J. L. German Gram- 
mar for Chemists and Other Science Students. 
323 pp. (1st ed.) 1938. $2.25. Wiley. TU. 

Frier and Holler. Introduction to Industrial 
Chemistry. (1st ed.) 1945. $3.00. McGraw- 
Hill. TH. 

Fuson, E. C., and Snyder, H. E. Organic 
Chemistry. 506 pp. (1st ed.) 1942. $3.50. 
Wiley. 

Getman, F. H., and Daniels, F. Outlines of 
Physical Chemistry. 691 pp. (7th ed.) 1943. 
$3.75. WHey. TU. 

Gibb. Optical Methods of Chemical Analysis. 
391 pp. (1st ed.) 1942. $5.00. McGraw- 

Hill. TU. 

Gilman, H. Organic Chemistry. 2096 pp. (2nd 
ed.) 1943. Vol. I $7.50; Vol. 11 $7.50, Wiley. 
TU. 

Gilman, H., and Blatt, A. H. Orgcmic Syn- 
theses, Collective Vol. I. 580 pp. (2nd ed.) 
1941. $6.00. Wiley. TU. 

Goetner, E. a. Outlines of Biochemistry. 1017 
pp- (2nd ed.) 1938. $6.00. Wiley. TU. 
Graham, Hebert W., and Moberg, Erik A. 
Chemical Lesults of the Last Cruise of the 
Carnegie. 58 pp. 1944. $1.00 paper; $1.25 
cloth. Carnegie Inst. GS. 

Grant, J. (rev. by). PLacTch^s Chemical Diction- 
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ary. 925 pp- (Srd ed.) 1944, reprinted 1946. 
$8.50. Blakiston. E. 

Haynes American Chemical Industry. Yol. 

11. 440 pp. (1st ed.) 1945. $8.00. Van 

Nostrand. E. 

Heilbrok, Bunbtjry, and others. Dictionary of 
Organic Compounds. 2794 pp. (2nd ed.) 
1943. (Three Yolumes) $75.00 set; $30.00 
per volume. Oxford. E. 

Heuser, E. Chemistry of Cellulose. 660 pp. 

(1st ed.) 1944. $7.50. Wiley. TXJ. 

Hill G. A., and Kelley, L. Organic Chem- 
istry. 919 pp. (1st ed.) 1943, reprinted 
1945. $4.00. Blakiston. TTI. 

Hogg A B. Chemistry Course for Eigh Schools. 

544 pp. (1st ed.) 1945. $2.00. Van Hos- 

trand. TH. 

Holmes. Qualitative Analysis: A Brief Out- 
line. 52 pp. $1.10. Maemillan. TXJ. 

HOPEMS, B. Smith, and Bailar, John C., Jr. 
Essentials of General Chemistry. 525 pp. 
(1st ed.) 1946. $3.50. Heath. TXJ. 

Hopkins B. Smith, General Chemistry for 
Colleges. 764 pp. (3rd ed.) 1942. $3.80. 

Heath. TU. 

Hunt Herschel. Physical Chemistry. 650 pp. 
(approx.). 1946. $4,75 (prob.). CroweU. 

TXJ. 

Jacobson, C. A. Encyclopedia of Chemical 
Eeactions. 804 pp. (1st ed.) 1946. $10.00. 
Eeinhold- E. 

Jenkins, G. L., and Haetung, W. H. Chem- 
istry of Organic Medicinal Products. 675 pp. 
(2nd ed.) 1943. $6,50. Wiley. TU. 

JOHLiN, J. M. Introduction to Physical Bio- 
chemistry, 241 pp. lUus. 1941, $2.75. 

Hoeber. E & S. 

Jones, Park J. Petroleum Production. Vol. 

I — Mechanics of Production. 230 pp. (1st 
ed.) 1946. $4.50. Eeinhold. E. 

Kanninq, Eugene W. Quantitative Analysis. 

(Eevised.) 471 pp. 1941. $2.75. Pren- 

tice-Hall. 

Ealph W. Chemistry and Industry of 
Starch. 472 pp. 1944. $8.50. Academic. S. 
King, W. Bernard. Semimicro Experiments in 
General Chemistry. 288 pp. 1941. $2.50. 

Prentice-Hall. 

KiNGZETT. Chemical Encyclopedia. 1088 pp. 
(6th ed.) 1940. $14.00. Van Nostrand. E. 

Holthope & Sandell. Texthooh of Quantita- 
tive Inorganic Analysis. 794 pp. (Eev. ed.) 
$4.50. Macmillan. TU. 

Hikes, Carl J., and Harvey, Aubrey E. First 
Tear Q%Lalitative Analysis. 150 pp. (approx.). 
1946. $1.50 (prob.). Crowell. TU. 


LowY, A,, and Harrow, B. Introduction to 
Organic Chemistry. 448 pp. (6th ed.) 1945. 
$3.50. Wiley. TU. 

Lynn, W. V. Organic Chemistry. 355 pp. 

(2nd ed.) 1945. $4.50. Lea & Febiger. TU. 
MacDougall. Physical Chemistry. 722 pp. 

(Eev. ed.). $4.25. Macmillan. TU. 

Mason and Manning. Technology of Plastics 
and Besins. 493 pp. (1st ed.) 1945. $6.50. 
Van Nostrand. B. 

McElvain. The Characterisation of Organic 
Compounds. 282 pp. $3.40. Macmillan. TU. 
McLaughlin, G. C., and Theis, E. E. The 
Chemistry of Leather Manufacture. 800 pp. 
(1st ed.) 1945. $10.00. Eeinhold. E. 

Mellon, M. G. Quantitative Analysis Becord 
Boole. 30 pp. plus 168 pp. ruled ledger sheets. 
(1st ed.) 1944. $.75. CroweU. TU. 

Meyer, Martin. The Science of Explosives. 
452 pp. (1st ed.) 1943. $4.50. CroweU. 

TU. 

Middleton, A. E., and Willard, J. W. Semi- 
micro Qualitative Analysis. 456 pp. 1939. 
$3.50. Prentice-Hall. 

National Research Council. Chemistry of 
Coal Utilisation. 1860 pp. Vols. I and 11. 
(1st ed.) 1945. $20.00. WUey. TU. 

Negkers, j. W., Abbott, T. W., and Van 
Lents K. A. Experimental General Chem- 
istry. 276 pp. (1st ed.) 1940. $1.75. Crowell. 
TU. 

Nieuwland, Eev. J., and Vogt, E. E. The 
Chemistry of Acetylene. 219 pp. (1st ed.) 
1945. $5.00. Eeinhold. E. 

Norman. The Biochemistry of Cellulose^ the 
Polyuronides, Lignin, etc. 242 pp. (1st ed.) 
1937. $5.50. Oxford. S. 

Palmer. Valency: Classical and Modern. 210 
pp. $2.50. Macmillan. E. 

Patterson, A. M. Frenoh-Bnglish Dictionary 
for Chemists. 384 pp. (1st ed.) 1921. $3.00. 
WUey. TU. 

Patterson, A. M. German-English Dictionary 
for Chemists. 411 pp. (2nd ed.) 1935. $3.00. 
WUey. TU. 

Pauling, Linus. The Nature of the Chemical 
Bond and the Structure of Molecules and 
Crystals: An Introduction to Modern Struc- 
tural Chemistry, xvi plus 450 pp. (2nd ed.) 
1940. $4.50. ComeU University Press. TU. 
Pease, Egbert N. Equilibrium and Kinetics of 
Gas Beactions: An Introduction to the Quan- 
tum-Statistical Treatment of Chemical Proc- 
esses. 246 pp. (1st ed.) 1942. $8.75. Prince- 
ton. S. 

Perkin and Kipping (Eev. by Kipping, F. 
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Staitley; and Kipping, E. Baert). Organic 
Chemistry. 1029 pp. (3rd ed.) 1940. $6.00. 
Crowell. TIT & E. 

Peterson, William H. Elements of Food Bio- 
chemistry. 291 pp. 1943. $3.00. Prentiee- 
Hall. 

Pierce, W. C., and Haenisch, E. L. Quantita- 
tive Analysis. 462 pp. (2nd ed.) 1940. $3.00. 
Wiley. TXJ. 

PiGMAN, W. W., and Wolfrom, M. L. Ad- 
vances in Carbohydrate Chemistry. Yol. I. 
374 pp. (1945.) $6.00. Academic. TU, E 

& S. 

Powers, P. 0. Synthetic Eesins and Eubbers. 

206 pp. (1st ed.) 1943. $3.00. Wiley. TU. 
Prescott and Johnson. Qualitative Chemical 
Analysis. 707 pp. (2nd ed.) 1933. $4.50. 

Yan Nostrand. TU. 

Prutton & Maron. Fundamental Principles of 
Physical Chemistry. 780 pp. $4.50. Mac- 
millan. TU. 

Eemick, a. E. Electronic Interpretation of Or- 
ganic Chemistry. 474 pp. 1943. $4.50. 

Wiley. TU, 

Eichter, G. H. TextbooJc of Organic Chemistry. 

760 pp. (2nd ed.) 1943. $4.00. Wiley. TU. 
Eobertson. Laboratory Practice of Organic 
Chemistry. 369 pp. (Eev. ed.) $2.50. Mac- 
millan. TU. 

Eogers. Manual of Industrial Chemistry. 1721 
pp. (6tli ed.) 1942. $17.00. Yan Nostrand. 
E. 

Eollefron, Gerhard K. Photochemistry and 
the Mechanism of Chemical Eeactions. 496 
pp. 1939. $5.75. Prentice-Hall. 

Sachanen, a. N. Chemical Constituents of 
Petroleum. 451 pp. (1st ed.) 1945. $8.50. 
Eeinhold. E. 

Sasso and Brown. Plastics in Practice. 185 
pp. (1st ed.) 1945. $4.00. McGraw-Hill. 

Scott. Standard Methods. 2811 pp. (5tli ed.) 

1939. $17.00. Yan Nostrand. E. 

Shreve. Chemical Process Industries. (1st ed.) 

1945. $6.00. McGraw-HiU. TU. 

SiDGWiCK. The Organic Chemistry of Nitrogen. 
(Ed. rev. and rewritten by T. W. J. Taylor 
and Wilson Baker.) 611 pp. 1937. $8.90. 
Oxford. S. 

SiMONDS, H. E. Industrial Plastics, 396 pp, 
(3rd ed.) 1945. $5.00. Pitman. E. 

Singer. German-English Dictionary of Metal- 
lurgy. 298 pp. (1st ed.) 1945. $4.00. Mc- 
Graw-Hill. 

Sneed and Maynard. General Inorganic Chem- 
istry. 1166 pp. (1st ed.) 1942. $4.50. Yan 
Nostrand. TU. 


Snell and Bipfen. Commercial Methods of 
Analysis. (1st ed.) 1944. $6.00. McGraw- 
HiU. 

Spencer, G. L., and Meade, G. P. Sandboolc 
for Cane Sugar Manufacturers and Their 
Chemists. 834 pp. (Stli ed.) 1945. $7.50. 
WHey. TU. 

Steacie, E. W. E. Atomic and Free Eadical 
Eeactions. 550 pp. (1st ed.) 1946. $8-00. 

Eeinkold. E. 

Sumner, James P., and Somers, Ered. Labo- 
ratory Experiments in Biological Chemistry. 
169 pp. 1944. $2.60. Academic. TU. 
Sumner, James P., and Somers, Ered. Chem- 
istry and Methods of Enzymes. 365 pp. 

1943. $5.00. Academic. TU & S. 

Suter, C. M. Organic Chemistry of Sulfur. 
858 pp. (1st ed.) 1944. $10.00. Wiley. 

TU. 

Taylor and Glasstone. Treatise on Physical 
Chemistry. 677 pp. (3rd ed.) 1942. $7.50. 
Yan Nostrand. TU. 

Timm. General Chemistry. 692 pp. (1st ed.) 

1944. $3.75. McGraw-Hill. TU. 

Walker, J. Erederick. Formaldehyde. 397 

pp. (1st ed.) 1945. $5.50. Eeinbold. E. 

Wells. Structural Inorganic Chemistry. 600 
pp. (1st ed.) 1945. $7.50. Oxford. S. 
Wendt, G. Chemistry. 300 pp. (1st ed.) 

1942. $2.25. Wiley. TU. 

Wertheim, E. Laboratory Guide for Organic 
Chemistry. 560 pp. (2nd ed.) 1940, re- 
printed 1945. $2.00. BlaMston. TU. 
Wertheim, E. Introductory Organic Chem- 
istry. 482 pp. (1st ed.) 1942, reprinted 

1945. $3.00. Blakiston. TU. 

Wertheim, E. Textbook of Organic Chemistry. 

867 pp. (2nd ed.) 1945. $4.00. BlaMston. 
TU. 

Wertheim, E. Experiments in Organic Chem- 
istry. 221 pp. (1st ed.) 1942, reprinted 
1945. $1.35. Blakiston. TU. 

Wheland, G. W. Theory of Eesonance and Its 
Application to Organic Chemistry. 316 pp. 
(1st ed.) 1944. $4.50. Wiley. TU. 
Whitmore. Organic Chemistry. 1090 pp. (1st 
ed.) 1937. $7.50. Yan Nostrand. R. 
Willard and Diehl. Advanced Quantitative 
Analysis. 457 pp. (1st ed.) 1943. $4.75. 

Yan Nostrand. TU. 

Wellard and Eurman. Elementary Quanti- 
tative Analysis. 531 pp. (3rd ed.) 1940. 
$3.25. Yan Nostrand. TU. 

WiNTON, A. L., and Winton, K. B. Analysis 
of Foods. 999 pp. (1st ed.) 1945. $12.00. 
Wiley. TU. 
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Yoe, John Ho'WE, and Bueoee, Alfeed. Ger- 
man for Chemists, 538 pp. 1938. $4.50. 

Prentice-Hall. 

YosT; Dan M., and Eussell, Je., Hoeace. 
Systematic Inorganic Chemistry. 423 pp. 
1944. $4.50. Prentice-Hall. 

YounGj Leona E., and Porter, Gr. W. General 
Chemistry: A First Coursej Fenised 4' Faho- 
ratory Manual to accompany it, 527 pp. 
1943. $3.75. Prentice-Hall. 

Archives of Biochemistry , 3 issues to a volume 
— 3 volumes yearly. Vols. 9-11, 1946. $5.50 
per vol. Academic. 

Journal of Colloid Science, bi-monthly (new). 
1 vol. a year, $10.00. Academic. 

Dentistry 

Bheket, L. Oral Medicine, 600 pp. (1st ed.) 

1946. $12.00. Lippincott, E. 

Hill, T. J. A Text-Boolc of Oral Fathology, 
407 pp. (3rd ed.) 1945. $6.50. Lea & 

Pebiger. TIJ. 

Marie, Joseph S. P. Fnglish-Spanish, Spanish- 
English, Dental Vocahulary. 182 pp. (1st 
printing) 1943. $4.00. Cattell. B. 

Sears, V. H. Basic Principles in Dentistry. 
195 pp. (lat ed.) 1942. $3.50. Pitman. 

TIT. 

Education 

Aeey, Charles K. Science Experiences for 
Elementary Schools. 99 pp. (1st ed.) 1942. 
$.95. Columbia University. S. 

Baker. Introduction to Exceptional Children. 

496 pp. $3.50. Macmillan. TU. 

Bond and Bond. Teaching the Child to Bead. 

356 pp. $3,00. Macmillan. TU. 

Cole, Loxjblla. The Elementary School Suh- 
jects. 455 pp. 1946. $3.00. Binehart. TU- 
Einaesson, Stefan. Icelandic: Grammar, 
Text, Glossary. 538 pp. 19 illus. 1945. 
$5.50. J ohns Hopkins. 

G-uilford. Fundamental Statistics in Psychol- 
ogy and Education. 333 pp. (1st ed.) 1942. 
$3.25. MeUraw-HiU. TU. 

Gwynn. Curriculum Principles and Social 
Trends. 630 pp. $3.50. Macmillan. TU. 
Jackey and Barlow. The Craftsman Prepares 
to Teach. 184 pp. $2.00. Macmillan. TU. 
Knode. American Philosophy of Education, 
553 pp. (1st ed.) 1942. $3.25. Van 

Kostrand. TU. 

Beeder. First Course in Education, rev. 656 
pp. $3.50. Macmillan, TU. 

Beeder. Outlines 4' Exercises for a First 
Course in Education. 133 pp. $1.25. Mac- 
millan. TU. 


Wilds, Elmer H. Foundations of Modern 
Education. 690 pp. 1942. $3.00. Eine- 

hart. TU. 

Wrinkle, W. L., and G-ilchrist, B. S. Sec- 
ondary Education for American Democracy. 
554 pp. 1942. $2.75. Binehart. TU. 

Engineering 

Abrams. Essentials of Aerial Surveying and 
Photo Interpretation. 639 pp. (1st ed.) 
1944. $5.00. McGraw-Hill. TU. 

Atherton. Principles of Fadio for Operators. 

344 pp. $3.75. Macmillan. TU. 

Auble. Shop Job Sheets in Fadio, Booh I: 
Fundamentals. 134 pp. $1.50. Macmillan. 
TU. 

Auble. Shop Job Sheets in Fadio, Boole II: 
Service Problems. 128 pp. $1.50. Mac- 
millan. TU. 

Binder, B. C. Fluid Mechanics. 325 pp, 1943. 
$3.75. Prentice-Hall. 

Blair, G. W. Scott. A Survey of General and 
Applied Fheology. 196 pp. (1st ed.) 1944. 
$4.00. Pitman. B. 

Caldwell, C. W. Laboratory Manual for 

Fundamentals of Fadio, Part I, 136 pp. 
1942. $1.35. Prentice-Hall. 

Caldwell, C. W. Laboratory Manual for 

Fundamentals of Fadio, Fart II. 134 pp. 
1942. $1.35. Prentice-Hall. 

Carter. Simple Calculation of Electrical Tran- 
sients. 120 pp. $1.75. Macmillan. E. 
Chambers and Eaires. Analytic Mechanics. 

375 pp. $3.75. Macmillan. TU. 

Churchill. Modern Operational Mathematics 
in Engineering. 306 pp. (1st ed.) 1944. 
$3.50. McGraw-Hm. TU. 

Davies. The Science 4' Practice of Welding. 

436 pp. $2.75. Macmillan. E. 

DeGarmo and Jonassen. Technical Letter- 
ing, Vertical StroTce. 20 pp. $1.00. Mac- 
millan. TU. 

Emery. UUra-Eigh-Frequency Fadio Engi- 
neering. 295 pp, $3.25. Macmillan. TU. 
Everitt, William L. Fundamentals of Fadio, 
495 pp. 1942. $3.00. Prentice-Hall. 
Goodman. Air Conditioning Analysis. 455 pp. 
$6.00. Macmillan. E. 

Grinter et al. Engineering Preview. 581 pp. 

$4.50. Macmillan. TU. 

Hammond, J. W. Men and Volts. 436 pp. 

(1st ed.) 1939. $2.00. Lippincott. E. 
Higgins. Eigher Surveying. 463 pp. $5.00. 
Macmillan. E. 

Hinks. Maps and Survey. 301 pp. $3.75, 
Macmillan. B. 
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Horton, Ealph E., Marcus, Abraham, and 
Marcus, William. Blemenis of Badio, Com- 
plete. 700 pp. 194S. $3.20. Prentice-Hall. 
Hudson. An Introduction to Electronics. 97 
pp. $3.00. Macmillan. P. 

Jacobs. Fundamentals of Optical Engineering. 
487 pp. (1st ed.) 1943. $5.00. McGraw- 

HiU. TTJ. 

Hing. Lathe Operations. 119 pp. $1.75. 
Macmillan. TU. 

King. Milling Machine Operations. 123 pp. 

$1.75. Macmillan. TU. 

Hnight, a. E., and Eett, G. H. Introduction 
to Circuit Analysis. 447 pp. (1st ed.) 1943. 
$4.00. Harper. TU. 

Knowles and Thomson. Management of 
Manpower. 248 pp. $2.25. Macmillan. TU. 
Knowles and Thomson. Production Control. 

271 pp. $2.50. Macmillan. TU. 

LeCount and Dusenbery. Practical Marine 
Electricity. 258 pp. $3.50. MacmiUan. 
TU. 

Lewis. Electrical Counting, Am. Edition. 

144 pp. $2.50. Macmillan. E. 

Luzadder, Warren J. Fundamentals of Engi- 
neering Drawing, Revised. 568 pp. 1946 
(Due). $3.00. Prentice-Hall. 

Luzadder, Warren J. Problems in Engineer- 
ing Drawing. 204 pp. 1943. $3.25. 

Prentice-Hall. 

MacLaren, Malcolm. The Rise of the Electri- 
cal Industry During the Nineteenth Century. 
238 pp. (1st ed.) 1943. $3.75. Princeton. 

P. 

Parker, Charles M. Steel in Action. 230 
pp, (1st printing) 1943. $2.50. Cattell. P. 
Parsons, Wm. B. Engineers and Engineering 
in the Renaissance. 680 pp. (1st ed.) 1939. 
$8.00. Williams & Wilkins. E. 

Perry. Chemical Engineers^ EandbooTc. 3029 
pp. (2nd ed.) 1941. $10.00. McGraw-Hill. 
E. 

Phelps, E. B. Stream Sanitation. 276 pp. 

(1st ed.) 1944. $3.25. Wiley. TU. 
Badzinsky. Mahing Patent Drawings. 96 pp. 
$3.00. Macmillan. E. 

Schulz, E. H., and Anderson, L. T. Experi- 
ments in Electronics and Communication En- 
gineering. 381 pp. (1st ed.) 1943. $3.00. 

Harper. TU. 

Schumann, Charles H. Technical Drafting. 
793 pp. (1st ed.) 1940. $3.50. Harper. 

TU & E. 

Singer, Ferdinand L. Engineering Mechanics. 
482 pp. (1st ed.) 1943. $4.00, Harper. 
TU. 


Synge and Griffith. Principles of Mechanics. 
506 pp. (1st ed.) 1942. $4.50, McGraw- 

Hill. TU. 

Timoshenko. Strength of Materials. Vol. I. 
359 pp. (2nd ed.) 1940. $3.50. Yan Nos- 
strand. TU. 

Timoshenko. Strength of Materials. Yol. II, 
510 pp. (2nd ed.) 1941. $4.50. Yan Nos- 
trand. TU. 

Tucker. Introduction to Practical Radio. 322 
pp. $3.00. Macmillan. TU. 

Weil and Anhorn. Plastic Horizons. 178 pp. 
(2nd printing) 1944. $2.50. Cattell. P. 

Geography and Geology 
Adams, Frank D. Birth and Development of 
the Geological Sciences. 511 pp. (1st ed.) 
1938. $5.00. Williams & Wilkins- E. 
Albright, John. Physical Meteorology. 392 
pp. 1939. $4.00. Prentice-HaE. 

Bateman, A. M. Economic Mineral Deposits. 

898 pp. (1st ed.) 1942. $6.50. Wiley. TU. 
Bengtson, Nels a., and Eoyen, Willem Van. 
Fundamentals of Economic Geography with 
Revision. 802 pp. 1935. $4.25. Prentice- 

Hall. 

Bengtson, Nels A., and Eigdon, Yera E. 
Economic Geography of Asia. 177 pp. 1937. 
$1.20. Prentice-Hall. 

Berry, Bollay, and Beers. Handhoolh of 
Meteorology. (1st ed.) 1945. $7.50. Mc- 

Graw-Hill. 

Billings, Marland P. Structural Geology. 

473 pp. 1942. $4.50. Prentice-Hall. 

Blair, Thomas A. Climatology, 484 pp. 

194^ $4.00. Prentice-Hall. 

Blair, Thomas A. Weather Elements. 420 
pp.‘ 1942. $4.00. Prentice-Hall. 

Brands. Meteorology, a Practical Course in 
Weather. (1st ed.) 1944. $2.50. McGraw- 
HiU. 

Braun, Catherine L. Guide in the Study of 
Principles of Geography. 138 pp. 1939. 
$1.25. Prentice-Hall. 

Bretz, j. H. Earth Sciences. 260 pp. (1st 
ed.) 1940. $2.25. Wiley. TU. 

Brooks, B. T. Peace, Plenty and Petroleum. 
200 pp* (1st printing) 1944. $2,50. Cat- 

tell. P. 

Byerly, Perry. Seismology. 256 pp. 1942. 
$3.50. Prentice-Hall. 

Byers. General Meteorology. 639 pp. (1st 
ed.) 1944. $5.00. McGraw-HiU. TU. 
Carlson, Fred A. Geography of Latin Amer- 
ica, Revised. 672 pp. 1943. $4.50. Pren- 
tice-Hall. 
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Gave. Clouds and Weather Phenomena. 22 
pp. $1.75. Macmillan. R. 

Daly, Reginald Aldwobth. Strength and 
Structure of the Sarth^ 464 pp. 1940. 
$3.50. Prentice-Hall. 

Dana, E. S. System of Mineralogy, 834 pp. 
(7tli ed. revised and enlarged by Charles 
Palaehe, Harry Berman and Clifford Fron- 
del) 1944. $10.00. Wiley. TIT. 

Dana, E. S., and Hurlbut, C. S. Manual of 
Mineralogy. 480 pp. (ISth ed.) 1941. 
$4.00. Wiley. TTJ. 

Eabdley, a. J. Aerial Photographs: Their Use 
and Interpretation. 203 pp. (1st ed.) 1942. 
$2.75. Harper. TH. 

Finch and Tbewartha. Physical Elements of 
Geography. 641 pp. (2nd ed.) 1942. $3.50. 
McGraw-Hill. TH. 

Finch and Tbewaetha. Elements of Geogra- 
phy, Physical and Cultural. 823 pp. (2nd 
ed.) 1942. $4.00. McGraw-Hill. TH. 
Foster, Mitlford, and Racine. Brazil, Orchid 
of the Tropics, 350 pp. (1st printing) 1945. 
$3.50. GatteU. P. 

Gaee, J. Everybody's Weather. 96 pp. (1st 
ed.) 1944, $2.25. Lippineott. J. 

George, Russell D. Minerals and Bochs. 595 
PP- (1st ed.) 1943. $6.00. Appleton-Cen- 

tury. R. 

Haurwite and Austin. Climatology. (1st 
ed.) 1944. $4.50. McGraw-HiU. TH. 
Heiland, Carl A. Geophysical Exploration. 

932 pp. 1940. $8.00. Prentice-Hall. 
Hewson, E. W., and Longlby, R. W, Mete- 
orology Theoretical and Applied. 468 pp. 
(1st ed.) 1944. $4.75. WHey. TH. 

Hinds, N. E. A. Geomorphology. 894 pp. 

1943. $5.00. Prentice-Hall. 

Holmboe, j., Gustin, W., and Forsythe, G. 
Dynamic Meteorology. 378 pp. (1st ed.) 
1945. $4.50. Wiley. TH. 

Hotchkiss, William O. Minerals of Might. 
250 pp. (1st printing) 1945. $2.50. Cattell. 
P. 

Hrdlicka, Ales. AlasTca Diary, 432 pp. (2nd 
printing) 1943. $5.00. Cattell. B. 
Humphreys, W. J, Ways of the Weather. 
400 pp. (3rd printing) 1942. $4.00. Cattell. 
P. 

Jacobs, Woodrow C., and Clarke, Katherine 
B. Meteorological Besults of Cruise VII of 
the Carnegie 19^8-lB£d. Meteorology-I. 
166 pp. 1943- $1.50 paper; $2.00 cloth. 

Carnegie Inst. GS. 

Jenny. Eactors of Soil Formation. 281 pp, 
(1st ed.) 1941. $3.50. McGraw-HiH. TH. 


Landon, Charles E. Industrial Geography. 

811 pp. 1939. $4.00. Prentice-Hall. 
Longwell, 0- E., Knopf, A., Flint, R. E., 
ScHUCHERT, 0., and Dunbar, C. O. Outlines 
of Geology. 672 pp. (2nd ed.) 1941. $4.00. 
Wiley. TH. 

Longwell, C. R., Knopf, A., and Flint, R. F. 
Tcxthodh of Geology, Part I, Physical Geol- 
ogy. 543 pp. (2nd ed.) 1939. $3.75. Wiley. 
TH. 

Lovering, T. S. Minerals in World Affairs, 
394 pp. 1943. $4.00. Prentiee-HaU. 
MacGinitie, Harry D. Middle Eocene Flora 
from the Central Sierra Nevada. 178 pp. 
1941.^ $2.00 paper; $2.50 cloth. Carnegie 
Inst. GS. 

McKee, Edwin D., and Eesser, Charles E. 
Cambrian Sistory of the Grand Canyon Be- 
gion. 220 pp. 1945. $2.50 paper; $3.00 

cloth. Carnegie Inst. GS. 

Newhouse, W. H. (ed.). Ore Deposits as Be- 
lated to Structural Features, 292 pp. (1st 
ed.) 1942, $6.50. Princeton. R. 

Olson, Everett C., and Whitmarsh, Agnes. 
Foreign Maps. 237 pp. (1st ed.) 1944. 
$4.00. Harper. TH So R. 

Osborn, Fairfield (ed.). The Pacific World. 
218 pp. Ulus. (1st ed.) 1944. $3.00. 

Norton. P. 

Petterssen. Introduction to Meteorology, 
236 pp. (1st ed.) 1941. $2,50. McGraw- 

Hill. TH. 

Renner, Geo. T., and associates. Global Geog- 
raphy. 728 pp. (1st ed.) 1944. $3.75. 

Crowell. TH. 

Revelle, Roger R., and Piggot, Charles S. 
Marine Bottom Samples and Badium Content 
of Ocean Bottom Sediments. 196 pp. 1945. 
$2.00 paper; $2.50 cloth. Carnegie Inst. GS, 
Rogers and Kerr. Optical Mineralogy. 388 
pp. (2nd ed.) 1942. $3.75, McGraw-Hill. 

TH. 

Schuchert, C,, and Dunbar, C. O. TextbooTc 
of Geology, Part II, Historical Geology. 
543 pp. (4th ed.) 1941. $3.75. Wiley. TH. 
Seeman, Albert L. Physical Geography. 448 
pp. 1942. $3.50. Prentice-Hall. 

Seward. Geology for Everyman. 312 pp. 
$3.25. Macmillan. P. 

Shearer. The Earth and Its Besources. 634 
pp. (1st ed.) 1941. $2.40. McGraw-Hill. 

TH. 

Shimer, H. W., and Shrock, E. R. Index 
Fossils of North America. 837 pp. (1st ed.) 
1944. $20.00. Wiley. TH. 

Shuler, Ellis W, Bocks and Bivers of Amer- 
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ica. 400 pp. (1st printing) 1945. $4.00. 

Cattell. P. 

Smith, H. T. TJ. Aerial Photographs and 
Their Applications, 372 pp. (1st ed.) 1943. 
$3.75. Appleton-Century. TIT. 

SvEEDRUP, H. IT. Observations and Eesults in 
Physical Oceanography, 156 pp. 1944. 

$1.75 paper; $2.50 clotli. Carnegie Inst. GS. 
Sverdrup, H. U. Observations and Pesults in 
Physical Oceanography, 126 pp. 1945. 

$1.50 paper; $2.00 clotli. Carnegie Inst. GS. 
Sverdrup, H. IT. Oceanology for Meteorol- 
ogists, 256 pp. 1942. $3.50. Prentice-Hall. 
Sverdrup, H. IT., Johnson, Martin W., and 
Fleming, Eichard H. The Oceans, Their 
Physical, Chemical ^ General Biology, 1,087 
pp. 1942- $8.00. Prentice-Hall. 

Tait, Samuel W., Jr. The Wildcatters: An 
Informal History of Oil Hunting in America, 
234 pp. (1st ed.) 1946. $3.00. Princeton. 

P. 

Tannehill, Ivan Eay. Weather Around the 
World. 212 pp. (3rd printing) 1945. $2.50. 
Princeton. P. 

Thomson, Andrevp". Upper -Wind Observations 
and Besults Obtained on Cruise VII of the 
Carnegie, Meteorology-II, 93 pp. 1943. 
$.75 paper; $1.00 cloth. Carnegie Inst. GS. 
Trewartha, Glenn T. Japan: A Physical, 
Cultural, and Regional Geography, 607 pp. 
(1st ed.) 1945. $5.00. ITniv. of Wisconsin. 
E. 

Trewartha. An Introduction to Weather and 
Climate. 545 pp. (2nd ed.) 1943. $4.00. 

McGraw-Hill. TU. 

Twenhopel and Tyler. Methods of Study of 
Sediments. 511 pp. (1st ed.) 1941. $2.00. 
McGraw-Hill. TU. 

Van Valkenburg, Samuel. Elements of Polit- 
ical Geography. 401 pp. 1939. $3.50. 

Prentice-HaU. 

White, G. Langdon, and Fosgue, Edwin J. 
Begional Geography of Anglo-America. 898 
pp. 1943. $4.75. Prentice-Hall. 

Whitney, David D. Family Treasures. 300 
pp. (1st printing) 1943. $3.50. Cattell. P. 
Willard, Daniel F. Adventures in Scenery. 
438 pp. (2nd printing) 1942. $3.75. Cattell. 
P. 

Willett, Hurd C. Descriptive Meteorology. 

310 pp. 1944. $4.00. Academic. TU. 
Williams, Howel. The Geology of Crater 
LaTce National Parh, Oregon. 162 pp. 1942. 
$2.50 paper; $3.50 cloth. Carnegie Inst. GS. 
WiNCHELL, Alexander N. Elements of Min- 
eralogy. 470 pp, 1942. $4.25. Prentice- 

HaH. 


History of Science 

Bates, E. S. Scientific Societies in the United 
States. 246 pp. (1st ed.) 1945. $3.50. 

Wiley. TU. 

Chesney, Alan M. The Johns HopMns Hos- 
pital and the Johns HopMns University School 
of Medicine, A Chronicle. Vol. I. Early 
Years, 1867-1893. 336 pp. 37 iUns. 1943. 
$3.00. Johns HopMns. 

Clark, Alice Schiedt and Paul F. Memorable 
Days in Medicine: A Calendar of Biology and 
Medicine. 305 pp. (1st ed.) 1942. $2.00. 

Univ. of Wisconsin. E & B. 

Glendening, Logan (ed.). Source Boole of 
Medical History. 701 pp. 1942. $10.00. 

Hoeber. E & B. 

Dampier. History of Science and Its Relation 
with Philosophy and Religion. 574 pp. (3rd 
ed.) $2.95. Macmillan. P. 

Dampier. A Shorter History of Science. 189 
pp. $2.00. Macmillan. TU. 

EIremer, S., and Urdang. History of Phar- 
macy. 466 pp. (1st ed.) 1940. $4.50. Lip- 
pincott. TU. 

More. The Life and Worlcs of the Honourable 
Robert Boyle. 325 pp. (1st ed.) 1944. $4.50. 
Oxford. B. 

PRINZ, H. Dental Chronology — A Record of the 
More Important Historic Events in the Evo- 
lution of Dentistry. 189 pp. (1st ed.) 1945. 
$3.00. Lea & Febiger. E & P. 

Slighter, Charles S. Science in a Tavern: 
Essays and Diversions on Science in the MaM 
ing. 206 pp. (2nd ed.) 1940. $3.00. Univ. 
of Wisconsin. E & B. 

Winslow, Charles-Edward A. The Conquest 
of Epidemic Disease, 426 pp. (2nd printing) 
1944. $4.50. Princeton. P. 

Mathematics 

Agnew. Differential Equations. 341 pp. (1st 
ed.) 1942. $3.00. McGraw-Hill. TU. 

Bacon. Differential and Integral Calmlus. 771 
pp. (1st ed.) 1942. $3.75. McGraw-Hill. 

TU. 

Baker. Introduction to Plane Geometry, 382 
pp. $4.00. Macmillan. TU. 

Bell. The Development of Mathematics. 637 
pp. (2nd ed.) 1945, $5.00. McGraw-Hill. 
TU. 

Carter, Hobart C. College Algebra. 234 pp. 
1936. $1.50. Prentice-HaU. 

Churchill, Fourier S eries and Boundary V alue 
Problems. 306 pp. (1st ed.) 1941. McGraw- 
HiU. TU. 

CooLiDGE. A History of the Conic Sections and 
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QiLodrio Surfaces. 224 pp. (1st ed.) 1945. 
$6.00. Oxford. S. 

Cornett. Algebra — Second Course. (1st ed.) 

1945. $2.00. McGraw-Hill. TH. 
OOBRiNGTONj M. S. Applied Mathematics for 
Technical Students. 360 pp. (1st ed.) 1943. 
$2.80 with Tables. $2.20 without Tables. 
Harper. TTJ. 

Craig. Vector and Tensor Analysis. 434 pp. 

(1st ed.) 1943. $3.50. McGraw-Hill. TU. 
Groxton, Frederic E. WorlohooTc in Applied 
General Statistics. 344 pp. 1941. $2.10. 

Prentice-Hall. 

Cboxton, Frederic E., and Cowden, Dudley J. 
Applied General Statistics. 944 pp. 1939. 
$4.00. Prentice-Hall. 

Ceoxton, Frederic E., and Cowden, Dudley J. 
practical Business Statistics. 529 pp. 1934. 
$3.50. Prentice-Hall. 

DauSj Gleason, and Whyburn. Basic Mathe- 
matics for War # Industry. 277 pp. $2.00. 
Macmillan. TIJ. 

Daus, Paul H. College Geometry. 200 pp. 

1941. $2.50. Prentice-Hall. 

Davis, Harold T. College Algebra, with revi- 
sion and additional problems. 470 pp. 1942. 
$2.85. Prentice-Hall. 

Deming, W. B. Statistical Adjustment of Bata. 

261 pp. (1st ed.) 1943. $3.50. Wiley. TH. 
Doole, Howard P, Plane and Spherical Trigo- 
nometry. 183 pp. (1st ed.) 1944. $1.50. 

Crowell TU. 

Elliott, William, and Miles, C. E. 0. College 
Mathematics, A First Course. 414 pp. 1940. 
$3.00. Prentiee-HalL 

Febrar. Sigher Algebra for Schools. 280 pp. 

(1st ed.) 1945. $3.75. Oxford. TU. 
FjEtANKLiN. Methods of Advanced Calculus. 486 
pp. (1st ed.) 1944. $4.50. McGraw-HiU. 

TU. 

Frazer, Duncan, and Collar. Elementary 
Matrices. 432 pp. $3.75. Macmillan. E. 
Graham, Palmer H., and John, F. Wallace. 
Advanced Algebra, Bevised. 262 pp. 1942, 
$1.85. Prentice-Hall. 

Graham, P. H., John, F. Wallace, and Cooley, 
H. E. Analytic Geometry. 294 pp. 1936. 
$2.35. Prentice-Hall. 

Hardy. A Course of Pure Mathematics, Ameri- 
can Edition. 503 pp. $4.25. Macmillan. 
TU. 

Hardy and Bogosinsky. Fourier Series. 100 
pp, $1.75. Macmillan. TU. 

Hardy and Wright. Introduction to the The- 
ory of Fumbers. (2nd ed.) 1945. $8.00. 

Oxford. TU. 


Kells, Lyman M. Calculus. 509 pp. 1943. 
$3.75. Prentice-Hall. 

Kells, Kerns, and Bland. Plane and Spheri- 
cal Trigonometry. 401 pp. (Alternate ed.) 
$2.00. Text with tables — 516 pp. $2.75. TU. 
Kenney. Mathematics of Statistics. 450 pp. 

(1st ed.) 1939. $4.00. Van Nostrand. TU. 
Kryloff, N., and Bogoliuboff, N. Introduc- 
tion to Non-Linear Mechanics. 112 pp. (1st 
ed.) 1943. $1.65. Princeton. E. 

Larkins, Jr., James T. Descriptive Geometry. 

317 pp. 1939. $2.50. Prentice-Hall. 

Love. Differential and Integral Calculus. 483 
pp. (4th ed.) $3.25. Macmillan. TU. 
Lovitt, William V. Elementary Theory of 
Equations. 236 pp. 1939. $2.50. Prentice- 
Hall. 

Lowan, a. (ed.). Tables of Associated Le- 
gendre Functions. 306 pp. (1st ed.) 1945. 
$5.00. Columbia. E. 

Table of Arc Sin X. 124 pp. (1st ed.) 1945. 
$3.50. Columbia. E. 

Table of the Bessel Functions Jo (s') and 
Ja(;?). 406 pp. (1st ed.) 1943. $5.00. Co- 

lumbia. E. 

Tables of Beciprocals of the Integers from 
100,000 Through 200,000. 204 pp. (1st ed.) 
1943. $4.00. Columbia. E. 

Tables of Circular and Eyperbolio Tangents 
and Cotangents for Eadian Arguments. 412 
pp. (1st ed.) 1943. $5.00. Columbia. E. 
Tables of Lagrangiau Interpolation Coeffi- 
cients. 390 pp. (1st ed.) 1943. $5.00. Co- 

lumbia. E. 

Margenau and Murphy. Mathematics of 
Physics and Chemistry. 581 pp. (1st ed.) 
1943. Van Nostrand. E. 

McGraw-Hill. Conversion Tables {reprinted 
from Maries^ Mechanical Engineers^ Hand- 
boolc). (1st ed.) 1944. $.10. McGraw-HiU. 
McKay. Odd Numbers. 215 pp. $2.00. Mac- 
millan. P. 

McShane, Edward J. Integration. 400 pp. 

(1st ed.) 1944. $6.00. Princeton. E. 
Merriam, G. M. To Discover Mathematics. 435 
pp. (1st ed.) 1942. $3.00, Wiley. TU. 
Middlemiss. Analytic Geometry. (1st ed.) 

1945. $2.75. McGraw-Hill. TU. 

Miuler, G. a. Collected WorTcs. Vol. I. 475 
pp. (1st ed.) 1935. $7.50. S. Vol. IL 537 
pp. (1st ed.) 1938. $7.50. S. Univ. of 

Illinois. 

Mode, Elmer B. Elements of Statistics. 368 
pp. 1941. $3.50. Prentice-HaE. 

Molina. Exponential Binomial Limit. 47 pp. 

(1st ed.) 1942. $2.75. Van Nostrand. TU. 
Moore, Justin H. Sandbooh of FinemdaX 
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Mathematics, 1216 pp. 1935. $3.75. Pren- 
tice-Hall. 

Morris, Mas, and Brows, Orles E. Differen- 
tial Equations. 368 pp. (Eev.) 1942. $3.00. 
Prentice-Hall. 

Neiswanger. Elementary Statistical Methods. 

740 pp. $4.00. Macmillan. TU. 
Neiswasger and Haworth. Lah. Manual for 
Elem. Statistical Methods. 121 pp. $2.00. 
Macmillan. TU. 

Neville. Jacohian Elliptic Functions. 348 pp. 

(1st ed.) 1944. $7.50. Oxford. S. 

Newsom, C. V., and Larses, H. D. Basic 
Mathematics for Pilots 4' Flight Crews, 153 
pp. 1943. $1.50. Prentice-Hall. 

Northcott, J. a. Plane and Spherical Trigo- 
nometry, with Tables. 318 pp. 1933. $2.40. 
Einehart, TU. 

Oglesby, Ersest J., and Cooley, Hollis E. 
Plane Trigonometry, Bevised with tables. 261 
pp. 1936. $1.60. Prentice-Hall. 

Petersos, Thurmas S. Intermediate Algebra 
for College Students. 358 pp. (1st ed.) 
1942. 358 pp. $1.85. Harper. TU. 

Polya, George. Sow to Solve It: A New 
Aspect of Mathematical Method. 220, pp. 
(3rd printing) 1945. $2.50. Princeton. P. 
Eeaqas, L. M., Ott, E. E., and Sigley, D. T. 
College Algebra. 445 pp. 1940. $2.50. 

Einehart. TU. 

Eees and Sparks. College Algebra. (2nd ed.) 

1945. $2.50. McGraw-HiU. TU. 

Eider and Hutchissos. Natural and Loga- 
rithmic Eaversines. 36 pp. $.30. Macmil- 
lan. E. 

Eider and Hutchissos. Navigational Trigo- 
nometry. 232 pp. $2.00. Macmillan. TU. 
Sherwood, George E. E., and Taylor, Asgus E. 
Calculus. 503 pp. 1942. $3.75. Prentice- 

Hall. 

Sherwood, George E. E., and Taylor, Asgus E. 
Elementary Differential Equations {Supple- 
mentary text to Sherwood 4" Taylor ^s Calcu- 
lus). 76 pp. 1943. Sold witli test 25^; sold 
separately, $1.00. Prentice-Hall. 

Slobis, H. L., and "Wilbur, W. E. Freshman 
Mathematics. 584 pp. Eev. 1938. $3.50. 

Einehart. TU. 

Smith and Buscas. Elementary Statistics 
and Applications. 498 pp. (1st ed.) 1944. 
McGraw-Hill. TU. 

SoHOS. Engineering Mathematics. 278 pp. 

(1st ed.) 1944. $3.50. Van Nostrand. TU. 
SoKOLSiKOFF and Sokolsikoff. Kigher Mathe- 
matics for Engineers and Physicists. 587 pp. 
(2nd ed.) 1941. $4.50. McGraw-Hill. TU. 


Sparks, Ered W., and Eees, Paul K. Plane 
Trigonometry with tables. 237 pp. 1937. 
$2.00. Prentice-HaU. 

Sprague, Athertos Hall. Essentials of Plane 
Trigonometry and Analytic Geometry. 119 
pp. 1934. $.80. Prentice-Hall. 

Stelsos and Eogers. Commercial Algebra. 

283 pp. $2.50. Macmillan. TU. 

Strattos, W. T., and Daugherty, E, B. Plane 
Trigonometry. 206 pp. with tables. 88 pp. 
without tables. 1939. $2.25. Tables alone 

$.85. Prentice-Hall. 

Taylor, James H. Vector Analysis. 180 pp. 

1939. $2.85. Prentice-HaU. 

Titchmarsh. Introduction to the Theory of 
Fourier Integrals. 401 pp. (1st ed.) 1937. 
$6.75. Oxford. S. 

Titchmarsh. Theory of Functions. 464 pp. 

(2nd ed.) 1939. $9.00. Oxford. S. 

Vos Neumass, Johs, and Morgessters, 

Oskar. Theory of Genes and Economic Be- 
havior. 644 pp. (1st ed.) 1944. $10.00. 

Princeton. E. 

Wallisg and Hill. Nautical Math, and Ma- 
rine Navigation. 221 pp. $2.00. Mac- 
millan. TU. 

Wallisg and Hill. Aircraft Mathematics. 

186 pp. (Eev.) $1.25. Macmillan. TU. 
Watsos. a Treatise on the Theory of Bessel 
Functions. 804 pp. $15.00. Macmillan. 
TU. 

Waugh. Elements of Statistical Method. 532 
pp. (2nd ed.) 1942. $4.00. McGraw-Hill. 

TU. 

Weyl, Hermans. Meromorphic Functions and 
Analytic Curves. 280 pp. (1st ed.) 1943. 
$3.50. Princeton. E. 

Whittaker and Watsos. A Course of Mod- 
ern Analysis. 608 pp. (4th ed.) $10.50. 
Macmillan. TU. 

Wilks, S. S. Mathematical Statistics. 296 pp. 
(1st ed.) 1943. $3.75. Princeton. E. 

Medicine 

Ackerman, Lloyd. Eealth and Eygiene. 908 
pp. (1st printing) 1943. $5.00. Cattell. P. 
Adams, E. Charles. Intravenous Anesthesia. 
677 pp. 75 illus. 1944, reprinted 1945. 
$12.00. Hoeber. E & S. 

Agard, Walter E. Medical Greelh and Latin 
at a Glance. 88 pp. 1937. $1.50. Hoeber. 
S. 

Ash, j. E., and Spitz, Sophie. Atlas of 
Pathology of Tropical Diseases. 350 pp. 941 
illus. 1945. $8.00. Saunders. 

A Symposium on the Blood and Blood-Forming 
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Organs. 264 pp. (1st ed.) 1939. $3.50. 

XJuiv. of Wisconsin. K. 

Babkin", B. P. Secretory Mechanism of the 
Digestive Glands. 920 pp. 220 iUus. 1944. 
$12.75. Hoeber. R & S. 

Bailey, F. B., Smith, P. E. (ed.). Texthoo'k 
of Histology, 806 pp. (lltb ed.) 1944. 
$6.00. Williams & WiMns. TXT & B. 
Ballif and Kimmel. Structure and Function 
of the Human Body. 328 pp. (1st ed.) 
1945. $3.00. Lippineott. B. 

Best, Chaeles H., and Taylor, Norman B. 
Physiological Basis of Medical Practice. 
1182 pp. (4tli ed.) 1945. $10.00. Williams 
& Wilkins. TH & B. 

Biekeland, J. M. Microbiology and Man. 
488 pp. (1st ed.) 1942. $4.00. Williams & 
WiUdns. TH. 

Boyd, Mark F. Preventive Medicine. 591 pp. 

187 illns. (7tli ed.) 1945. $5.50. Saunders. 
Boyd, W, An Introduction to Medical Science. 
366 pp. (3rd ed.) 1945. $3.50. Lea & 

Febiger. TH. 

Bremer, J. L. (rewritten by Weatherford, H. 
L.) Texthoo'k of Histology. 723 pp. (dth 
ed. of ''Lewis and Stohr^O 1^44. $7.00. 

Blakiston. TH. 

Buoy, P, C. (ed.) et al. The Precentral Motor 
Cortex. 605 pp. (1st ed.) 1944. $5.50. 

Hniv. of Illinois. S. 

Burch, G., and Winsor, T. A Primer of 
Bleetrocardiography. 215 pp. (1st ed.) 
1945. $3.50. Lea & Febiger. TH. 
Burrows. Biological Action of Sex Hormones. 

514 pp. $8.50. Macmillan, B. 

Gannon, Walter B. The Way of an Investi- 
gator. 229 pp. (1st ed.) 1945. $3.00. 

Norton. B. 

Christian, Henry A., M.I),, Osier ^s Prin^ 
eiples and Practice of Medicine. 1610 pp. 
(IStk ed.) 1944. $9.50. Appleton- Century. 
TH. 

Claek-Kenneby. The Art of Medicine in Be- 
lation to the Progress of Thought. 48 pp. 
$.75. Macmillan. R. 

Clement, F. W. Hitrous Oxide-Oxygen Anes- 
thesia. 288 pp. (2nd ed.) 1945. $4.50. 

Lea & Febiger. B. 

Cole, Warren H., and Buestow, Chas. .B. 
First Aid: Surgical and Medical. 434 pp. 
(3rd ed.) 1945. $3.00. Appleton-Centnry. 

TH. 

CoNANT, Norman F., Martin, Donald S., 
Smith, Dayib T., Baker, Bogee D., and Cal- 
laway, Jasper L. Manned of Clinical My- 
cology. 348 pp. 288 Bins. 1944. $3.50. 

Saunders. 


Corner, G. W. Ourselves Unhorn. 188 pp. 

(1st ed.) 1944. $3.00. Yale. B. 

Cowan, A. Befraction of the Fye. 278 pp. 

(2nd ed.) 1945. $4.75. Lea & Febiger. B. 
CowDRY, E. V. Microscopic Technique in Biol- 
ogy and Medicine. 210 pp. (1st ed.) 1943. 
$4.00. WBliams & Wilkins. TH & R. 

Craig, C. F., and Faust, E. C. Clinical Para- 
sitology. 871 pp. (4tli ed.) 1945. $10.00. 
Lea & Febiger. TH. 

Culbertson, J. T. Medical Parasitology. 285 
pp. (1st ed.) 1942, $4.25. Columbia. TH. 
Cunningham. Manual of Practical Anatomy. 
1485 PP- (lOtk ed. edited by Brash and 
Jamieson) 1940. (3 vols.) $4.25 per vol. 
Oxford. TH. 

Cunningham. Text-Book of Anatomy. 1608 
pp. (8th ed. edited by Brash and Jamieson) 

1943. $12.00. Oxford. TU- 

Diehl. Textbook of Healthful Living. 707 
pp. (3rd ed.) 1945. $2.50. McGraw-Hill. 

TH. 

Diehl and Boynton. Healthful Living for 
Nurses. 5U pp. (1st ed.) 1944. $2.50. 

McGraw-Hill. TH. 

Dixon. Manometric Methods (2nd edition). 

145 pp. $1.75. MacmBlan. R. 

Draper, George, Dupertuis, C. W, and 
Caughey, j. L. Human Constitution in 
Clinical Medicine. 279 pp. 1944, reprinted 
1945. $4.00. Hoeber. R & S. 

Dunbar, Flanders. Psychosomatic Diagnosis. 
760 pp. 1943, reprinted 1944, 1945. $7.50. 
Hoeber. R & S. 

Emerson and Taylor. Fssentials of Medicine. 
892 pp. (14th ed.) 1940. $3.35. Lippineott. 

R. 

Everett, Mark R. Medical Biochemistry. 708 
pp., 103 tables and charts. 1942. $5.75. 

Hoeber. B & S. 

Fishbbin, Morris (ed.). Doctors at War. 418 
pp. (1st ed.) 1945. $5.00. E. B. Dutton. 
P. 

Forbus, Wiley D. Beactions to Injury j Pathol- 
ogy for Students of Disease. 810 pp. (1st 
ed.) 1943. $9.00. Williams & WBkins. 

TH & B. 

Fowler, Willis W. Hematology. 516 pp, 
110 Bins. 1945. $8.00. Hoeber. B & S. 
Friedenwald, Harry. The Jews and Medi- 
cine: Essays. 841 pp. 40 Bins. 2 vols. 

1944, $7.50. Johns Hopkins. 

Frobisher, Martin, Jr. The Fundamentals of 

Bacteriology. 824 pp. 398 Bins. (3rd ed.) . 
1944. $4.00. Saunders. 
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Goldman”, F. Tublic Medical Care. 226 pp. 

(1st ed.) 1946. $2.75. Columbia. S. 

Grant, J. C. B. Atlas of Anatomy. 419 pp. 
(1st ed.) 1943. $10.00. Williams & Wilkins. 
TIT &E. 

Grant, J. C. B. Method of Anatomy, Descrip- 
tive and Deductive. 841 pp. (3rd ed.) 1944. 
$6.00, Williams & Wilkins. TU & E. 
Greaves, Jos. E. and Ethel yn 0. Elementary 
Bacteriology. 613 pp. 169 illus. (5tli ed.) 
1946. $3.50 (tentative). Saunders. 

Hall, Marguerite. Public Health Statistics. 
430 pp., tables, charts. 1942, $5.50. Hoeber. 
E & S. 

Ham and Salter. Doctor in the Mahing. 179 
pp. (1st ed.) 1943. $2.00. Lippincott. TU. 
Hamilton, W. S., Boyd, J. B., and Mossman, 
H. W. Human Embryology. 374 pp. (lat 
ed.) 1945. $7.00. Williams & Wilkins. TU 
& E. 

Herrell, Wallace E. Penicillin and Other 
Antibiotic Agents. 348 pp. 45 illus. 1945. 
$5.00. Saunders. 

Howell, Wm. H. (rev. by Fulton, John F.). 
TextbooTo of Physiology. 1304 pp. 507 illus. 
(15tli ed.) 1946. $8.00. Saunders. 

Jordan, Edwin O., and Burrows, Wm. Text- 
booh of Bacteriology. 909 pp. 242 illus. 
(14th ed.) 1945. $7.00. Saunders. 

Kelser, E. a., and Schoening, H. W. Veteri- 
nary Bacteriology. 730 pp. (4th ed.) 1943. 
$6.50. Williams & Wilkins. TU. 

Kolmer, John A. Penicillin Therapy Includ- 
ing Tyrothricin and Other Antibiotic Ther- 
apy. 318 pp. (1st ed.) 1945. $5.00. Apple- 
ton-Century. TU. 

Kolmer, John A., and Boerner, Fred. Ap- 
proved Laboratory Technic. 1088 pp. (4th 
ed.) 1945. $10.00. Appleton-Century. TU. 
Kovacs, E. Electrotherapy and Light Therapy. 
694 pp. (5th ed.) 1945. $8.50. Lea & 

Febiger. E. 

Kuntz, a. a Textbooh of N euro- Anatomy. 
478 pp. (4th ed.) 1945. $6.50. Lea & 

Febiger. TU, 

Kuntz, A. The Autonomic Nervous System. 
687 pp. (3rd ed.) 1945. $8.50. Lea & 

Febiger. E. 

Lawton, G. New Goals for Old Age. 210 pp. 

(lat ed.) 1943. $3.00. Columbia. S. 
Leieson, Einar. Bacteriology for Students of 
Medicine and Public Health. 543 pp. 159 
iUus. 1942. $5.00. Hoeber. E & S. 
Lyman, E. A. American Pharmacy. 535 pp. 

(1st ed.) 1945. $8.00. Lippincott. TU. 

Mackie, Thos. T., Hunter, Geo. W., and 


Worth, G. Brooke. Manual of Tropical 
Medicine. 727 pp. 284 illus. 1945. $6.00. 

Saunders. 

Macy, I. G., and Willums, H. H. Hidden 
Hunger. 320 pp. (2nd printing) 1945. $3.00. 
Gattell. P. 

Mainland, Donald. Anatomy as a Basis for 
Medical and Dental Practice. 880 pp. Illus. 
1945. $7.50. Hoeber. S. 

Marshall, Clyde, (rev. by Lazier, Edgar L.). 
Introduction to Human Anatomy. 418 pp- 
303 illus. (3rd ed.) 1946. $2.50 (tentative). 
Saunders. 

McCready, Benj. D. On the Influence of 
Trades, Professions, and Occupations in the 
United States, in the Production of Disease, 
18B7. 137 pp. 1943. $1.75. Johns Hopkins. 
McGraw, M. B. The Neuro-Muscular Matura- 
tion of the Human Infant. 140 pp, Illus. 
$2.00. Columbia. S. 

Millard, Nellie D., and King, Barry G. 
Human Anatomy and Physiology. 514 pp. 
297 illus. (2nd ed.) 1945. $3.00. Saunders. 
Morton, D. J. Human Anatomy. 2 vols- (1st 
ed.) 1943. $3.00 vol. Columbia. TU. 

Nauss, Ealph W. Medical Parasitology and 
Zoology. 535 pp. 95 illus. 1944. $6.00. 

Hoeber. E & S. 

Nedzel, a. j. Vascular Spasm — experimental 
studies. 151 pp. (1st ed.) 1943. $2.75. 

Univ. of Illinois. S. 

New York Academy of Medicine (ed.). Pre- 
ventive Medicine in Modern Practice, by 50 
authors. 863 pp. Illus. 1942. $10.00. 

Hoeber. E & S. 

New York City Mayor’s Committee on Mari- 
huana. Marihuana Problems. 220 pp. (1st 
printing) 1944. $2.50. Gattell. P. 

Neilsen, j. M. Texthooh of Clinical Neurol- 
ogy. 681 pp. 179 illus. 1941. $6.50. 

Hoeber. E & S. 

Oberling, C. The Biddle of Cancer. 196 pp. 

(1st ed.) 1944. $3.00. Yale. E. 

OoiLViE, E. F. Pathological Histology. 423 pp. 
(2nd ed.) 1943. $9.00. Williams & Wilkins. 
TU & E. 

Olson, Lyla M. Prevention, First Aid and 
Emergencies. 591 pp. 173 ihus. 1946. 

Price unknown. Saunders. 

PARSONS, E. J. In the Doctor Office. 300 pp. 

(1st eL) 1945. $2.00. Lippincott. S. 
Putnam, T. Convulsive Seizures. 160 pp. (2nd 
ed.) 1945. $2.00. Lippincott. S. 

Qxhring, D. P., Boyle, B. A., Borough, E. L., 
and Lufkin, B. The Extremities. 117 pp. 
(Ist ed.) 1945. $2.74. Lea & Febiger. TU. 
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Eahn, Otto. Microbes of Merit. 277 pp. (1st 
printing) 1945. $4.00. Cattell. P. 

Eivees, Thomas M., Stanley, Wendell M., 
Kunkel, Loins O., Shope, Eichaed E., Hoks- 
FALL, Feank L.j Jr., and Bohs, Peyton. 
Virus Diseases, ix plus 170 pp. 1943. $2.00. 
Cornell University Press. B. 

Salle. Fundamental Frinciples of Bacteriol- 
ogy. 643 pp. (1st ed.) 1943. $4.00. Me- 
Graw-Hm. TH. 

Schaeffer, J. Parsons, and contributors. 
Morris^ Human Anatomy. 1641 pp. (lOth 
ed.) 1942, reprinted 1944. $12.00. Blakiston. 
TH. 

Sioerist, Henry E. Cimlization and Disease. 
xi plus 255 pp. 1943. $3.75. Cornell Hni- 

versity Press. P. 

Simmons, J. S., and Gentzkow, C. J. Labora- 
tory Methods of the TJ. 8. Army. 823 pp. 
(5tli ed.) 1944. $7.50. Lea & Febiger. B. 
Simmons, Whayne, Anderson, and Horace. 
Global Epidemiology. 504 pp. (1st ed.) 1944, 
$7.00. Lippineott. S. 

Spalding, E. K. Professional Adjustments in 
Nursing. 560 pp. (2nd ed.) 1941. Lippin- 
cott. S. 

Stedman, T. B., Taylor, Norman B. (ed.). 
Practical Medical Dictionary. 1275 pp. (16tb 
ed.) 1946. $7.50. Williams & Wilkins. B. 
Stitt, E. B., Clough, P. W,, and Clough, M. C. 
Practical Bacteriology, Haematology, and 
Animal Parasitology. 961 pp. (9tb ed.) 
1938, reprinted 1945. $7.00. Blakiston. 

TH. 

Strong, Oliver S., and Elvtyn, Adolph. Hu- 
man Neuroanatomy. 427 pp. (1st ed.) 1943. 
$6.00. Williams & Wilkins. TH & B. 
Temkin, Owsei. The Falling Sickness: A 
History of Epilepsy from the Greeks to the 
Beginnings of Modern Neurology. 395 pp. 
7 illus. $4.00. Johns Hopkins. 

Thienes, Clinton H. Fundamentals of Phar- 
macology. 535 pp, Illus. 1945, reprinted 
1946. $5.75. Hoeber. B & S. 

Thorek, M, Surgeon* s World. 410 pp. (1st 
ed.) 1943. $3.75. Lippineott. B. 

Tilney, Frederick:, and Biley, Henry A. 
Form and Functions of Central Nervous Sys- 
tem. 888 pp. 600 illus. (3rd ed.) 1938. 
$10.00. Hoeber. B & S. 

Topley, W. W, C., and Wilson, G. S. Prin- 
ciples of Bacteriology and Immunity. 2 vols. 
total 2000 pp. (3rd ed.) 1946. $12.00. 

Williams & Wilkins. TH & B. 

WiGGERS, C. J. Physiology m Health and Dis- 
ease. 1174 pp. (4th ed.) 1944. $10.00. 

Lea Febiger. TH. 


Young. Textbook of Gynecology. 443 pp. 
(6th ed.) $7.00. Macmillan. TH. 

Physics 

Adams, Arthur S., and Hilding, George D. 
Fundamentals of Thermodynamics. 289 pp. 
(Ist ed.) 1945. $3.75. Harper. TU. 

Almstead, et al. Badio: Fundamental Prin- 
ciples and Practices. 219 pp. (1st. ed.) 

1944. $1.80. McGraw-Hill. TH. 

Auger, Pierre. What are Cosmic Pays? 128 

pp. (1st ed.) 1946. $2.00. Univ. of Chi- 

cago. P. 

Banks, C. W. Applied Science. 212 pp. (1st 
ed.) 1942. $1.75. Wiley. TU. 

Bergmann, Peter G. Introduction to the 
Theory of Eelativity. 296 pp. 1942. $4.50. 
Prentice-Hall. 

Blackwood, 0. H. General Physics. 630 pp. 

(1st ed.) 1943. $3.75. Wiley. TH. 

Blair, G. W. Practical and Theoretical Pho- 
tography. 243 pp. (2nd ed.) 1945. $2.50. 
Pitman. TH. 

Bode. Network Analysis. 551 pp. (1st ed.) 

1945. $7.50. Van Nostrand. B. 

Born. Experiment # Theory in Physics. 44 
pp. $.75. Macmillan. B. 

Brainerd. Vltra-High-Frequency Technique. 
534 pp. (1st ed.) 1942. $4.50. Van Nos- 
trand. TH. 

Burns, V. H. Physics: A Basic Science. 656 
pp. (1st ed.) 1943. $1.80. Van Nostrand. 
TH. 

Cable, Emmett J., Kadesch, Wm. H., and 
Getchell, Egbert W. The Physical Sci- 
ences. 754 pp. 1940. $3.75. Prentice-Hall. 
Chapman and Bartels. Geomagnetism. 1090 
pp. (1st ed.) 1940. (2 vols.) $20.00. Ox- 

ford. S. 

Clark, Johnson, and Cockaday, This Physi- 
cal World. 528 pp. (1st ed.) 1941. $3.25. 
McGraw-Hill. TH. 

Cleec, L. P. (ed. by G. E. Brown). Photogra- 
phy, Theory and Practice. 590 pp. (2nd 
ed.) 1937. $10.00. Pitman. B. 

Cobine. Gaseous Conductors. 606 pp. (1st 
ed.) 1941. $5.50. McGraw-Hill. TH. 
Compton, A. X-Pays. 844 pp. (2nd ed.) 

1935. $7.50. Van Nostrand. B. 

Cork, J. M. Heat. 294 pp. (1st ed.) 1942. 
$3.50. Wiley. TH. 

Curtis. High Frequency Induction Heating. 

(1st ed.) 1944. $2.75. McGraw-HiU. 
Dunning and Paxton. Matter, Energy and 
Padiation. 668 pp. (1st ed.) 1941. $3.50. 
McGraw-Hill. TH. 
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Eber, J. M. Sistory of Photography. 838 pp. 

(1st ed.) 1945. $10.00. Columbia. S. 
EmsTEiN, Albert. The Meaning of Relativ- 
ity. 142 pp. (2iided.) 1945. $2.00. Priuce- 
ton. P. 

Elbridge, J. a. College Physics. 702 pp. (2iid 
ed.) 1940. $3.75. Wiley. TXJ. 

Etring, Carl P. A Survey Course in Physics. 

378 pp. 1936. $3.00. Prentice-Hall. 

Eermi, Enrico. Thermodynamics. 160 pp. 

1937. $3.00. Prentice-Hall. 

GrAMOW. Mr. TompTcins Explores the Atom. 91 
pp. $2.00. Macmillan. P. 

GtAMOW. Mr. TompTcins in Wonderland. 97 pp, 
$2.00. Macmillan. P. 

Gamow. Atomic Energy in Human and Cos- 
mic Life. 155 pp. $2.50. Macmillan. R. 
Glasser, Quimbt, Taylor, and Weatherwax. 
Physical Foundations of Radiology. 436 pp. 
150 figs. & tables. 1944, 3rd printing 1945. 
$5.00. Hoeber. R & 8. 

Harrison, George Russell. Atoms in Action: 
The World of Creative Physics. 400 pp. 
(2nd ed.) 1941. $3.50. Morrow. P. 
Hawley, G. G., and Leifson, S. W, Atomic 
Energy in War and Peace. 211 pp. (1st 
ed.) 1945. $2.50. Reinhold. TH & P. 
Herzberg. Infrared and Raman Spectra. 632 
pp. (1st ed.) 1945. $9.50. Van Nostrand. 
R. 

Jeans. Physics and Philosophy. 222 pp. 
$2.75. Macmillan. P. 

Jeans. The Universe Around Us. 380 pp. 

(4th ed.) $3.75. Macmillan. P. 

King, Wing, and Mimno. Transmission Lines, 
Antennas and Wave Guides. 347 pp. (1st 
ed.) 1945. $3.50. McGraw-Hill. TU. 
Knapp, Ebwin J. Basic Physics for Pilots ^ 
Flight Crews. 118 pp. 1943. $1.25. Pren- 
tice-Hall. 

Krauskopp. Fimdamentals of Physical Sci- 
ence. 660 pp. (1st ed.) 1941, $3.50. Mc- 
Graw-HiH. TIT. 

Lemon, Haryey Bragi, and Eerence, Michael, 
Jr. Analytical Experimental Physics. 584 
pp. (1st ed.) 1943. $7.50. Hniv. of Chi- 

cago. TIT. 

Linbsay, R, B. An Introduction to Physical 
Statistics. 306 pp. (1st ed.) 1941. $3.75. 
Wiley. TH. 

Linbsay, R. B. General Physics for Students 
of Science. 534 pp. (1st ed.) 1940. $3.75. 
Wiley. TH. 

Linbsay, R. B., and Margenau, H. Founda- 
tion of Physics. 537 pp. (1st ed.) 1936. 
$5.00. Wiley. TH. 


Loeb, L. B. Atomic Structure. 446 pp. (1st 
ed.) 1938. $4.50. Wiley. TH. 

Luhr, Overton. Physics Tells Why. 380 pp. 

4th printing) 1943. $3.50. Cattell. P. 
MacColl. Servo Mechanism. 130 pp. (1st 
ed.) 1945. $2.25. Van Nostrand. R. 
Mason. Transducers and Wave Filters. 333 
pp. (1st ed.) 1942. $5.00. Van Nostrand. 
R. 

Maxfulb and Benedict. Theory of Gaseous 
Conduction and Electronics. 483 pp, (1st 
ed.) 1941. $4.50. McGraw-HiU. TH. 

Mayer, J. E., and Mayer, M. G. Statistical 
Mechanics. 495 pp. (1st ed.) 1940. $5.50. 
Wiley. TH. 

McNifp, William T. College Physics, ix plus 
666 pp. (3rd ed.) 1942. $4.00. Eordham 

Hniversity Press. TH. 

Mendenhall, C. E., Eve, A. S., Keys, B. A., 
and Sutton, R. M. College Physics. 700 pp. 
(1st ed.) 1944. $4.00. Heath. TH. 

Mott and Massey. The Theory of Atomic Col- 
lisions. 300 pp. (lat ed.) 1933. $6.50. 

Oxford. 8. 

Muller, Ralph H. Experimental Electronics. 

330 pp. 1942. $3.50. Prentice-Hall. 
Neblette. Photography. 876 pp. (4th ed.) 

1942. $7.50. Van Nostrand. R. 

Perkins, Henry A. College Physics, Revised. 

802 pp. 1943. $4.50. Prentice-Hall. 
Perkins, Henry A. College Physics, Abridged 
Revised. 593 pp. 1943. $4.00. Prentice- 

HaU. 

Pittsburgh Atomic Physics. Outline of 
Atomic Physics. 414 pp. (2ud ed.) 1937. 
$3.75. Wiley. TH. 

Pollard, E., and Davidson, W. L. Applied 
Nuclear Physics. 249 pp. (1st ed.) $3.00. 
Wiley. TH. 

Reich. Theory and Application of Electron 
Tubes. (1st ed.) 1944. $5.00. McGraw- 

HiU. TH. 

Richtmyer and Kennard. Introduction to 
Modern Physics. 718 pp. (3rd ed.) 1942. 
$5.00. McGraw-Hill. TH. 

Rojansky, Vladimir. Introductory Quantum 
Mechanics. 544 pp. 1938. $5.00. Pren- 

tice-Hall. 

Rutherford, Chadwick, and Ellis. Radia- 
tions from Radioactive Substances. 588 pp. 
, $6.50. Macmillan. R. 

Sawyer, Ralph. Experimental Spectroscopy. 

336 pp. 1944. $3.00. Prentice-Hall. 
ScHELKUNOFF. Electro-Waves, 530 pp. (1st 
ed.) 1943. $7.50. Van Nostrand* R. 
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Seitz. The Thy sics of Metals, 330 pp. (1st 
ed.) 1943. $4.00. McGraw-HiU. 

Semat, Heney. Fundamentals of Physics, 
593 pp. 1945. $4.00. Eineliart. TU. 
Semat, Henry. Introduction to Atomic Phys- 
ics, Eev. ed. to be pub. iu March, 1946. 
Prob. 384 pp. Prob. $4.00. Eiuehait. TXJ. 
Shea. Transmission Networks, 487 pp. (1st 
ed.) 1929. $6.50. Van Nostrand. E. 

Shillabee, 0. P. Photomicrography. 773 pp. 

(1st ed.) 1944. $10.00. Wiley. TIJ. 

Smyth, Henry D. Atomic Energy for Mili- 
tary Purposes. 318 pp. (6th print.) 1945. 
$2.00, clothbound. $1.25, paperbound. Prince- 
ton, P. 

Steanathan, J. D. The ‘‘ Particles^ ^ of Mod- 
ern Physics, 571 pp. (1st ed.) 1942, re- 
printed 1944. $4.00. BlaMston. TIT. 
Stratton. Fleciromagnetic Theory. 615 pp. 

(1st ed.) 1941. $6.00. McGraw-Hill. TU. 
Strong, John. Procedures in Experimental 
Physics. 642 pp. *1938. $5.00. Prentice- 

Hall. 

Stuhlman, O. Introduction to Biophysics. 

375 pp. (1st ed.) 1943. $4.00. Wiley. TU. 
Swann, W. F. G. Physics. 274 pp. (1st ed.) 

1941, $2.25. Wiley. TU. 

White, Manning, Weber, and Cornett. Prac- 
tical Physics. 240 pp. (1st ed.) 1943. 
$3,50. McGraw-Hill. TU. 

Wood. The Cavendish Laboratory, 60 pp. 
$.75. Macmillan. P. 

Worthing, A. G., and Gepfnee, J. Treatment 
of Experimental Data. 342 pp. (1st ed.) 
1943. $4.50. WHey. TU. 

Zachariasen, W. H. Theory of X-Eay Diffrac- 
tion in Crystals. 255 pp, (1st ed.) 1945. 
$4.00, Wiley. TU. 

Zemansky, Seat and Thermodynamics. 390 
pp. (new 2nd ed.) 1943. $4.00. McGraw- 

HiH. TU. 

ZwoRYHiN, Y. K., Morton, G. A., Eamberg, 
E, G., Hillier, and Vance. Electron Optics 
and the Electron Microscope, 759 pp. (1st 
ed.) 1945. $10.00. Wiley. TU, 

Political Science 

Cressey. The Basis of Soviet Strength. 286 
pp. (1st ed.) 1945. $3.00. McGraw-Hill. P. 
Johnson, Claudius O. American National 
G-overnment. 594 pp. (1st ed.) 1945, $3.00. 
Crowell. TU. 

Johnson, Claudius O. Government in the 
United States. 852 pp. (3rd ed.) 1944. 
$3.75. GroweU. TU. 


Kalijarvi, Thorsten V., and associates. Mod- 
ern World Politics. 852 pp. (2nd ed.) 1945. 
Crowell. TU. 

Macdonald, Austin P. American State Gov- 
ernment and Administration. 655 pp. (3rd 
ed.) 1945. $3.75. Crowell. TU. 

Marsh, Donald B. Taxes Without Tears. 
220 pp. (1st printing) 1945. $2.50. Cat- 

tell. P. 

Shewhart. Economic Control. 515 pp, (1st 
ed.) 1931. $6.50. Van Nostrand. E. 

Psychology 

Abraham SEN, D. Crime and the Human Mind. 
244 pp. (1st ed.) 1944. $3.00. Columbia. 
S. 

Anderson, C. M. Emotional Hygiene. 253 pp. 

(3rd ed.) 1943. $2.00. Lippineott. E. 

Ayd, Joseph J. Introductory Manual in Psy- 
chology: A TexfhooTc for Students of Nurs- 
ing, Psychiatry^ Medicine, and Social Science. 
X plus 162 pp. (1st ed.) 1941. $1.75. Ford- 
ham University Press. TU. 

Bernhardt. Practical Psychology. (1st ed.) 

1945. $2.50. McGraw-Hill. TU. 

Berrien. Practical Psychology. 584 pp. 

$4.00. Macmillan. TU. 

Boring, Edwin G. Sensation and Perception 
in the History of Experimental Psychology. 
644 pp. (1st ed.) 1942. $5.00. Appleton- 

Century. E. 

Boring, E. G., Langpeld, H. S., and Weld, 
H. P. Introduction to Psychology. 652 pp. 
(1st ed.) 1939. $3.00. Wiley. TU. 
Breckenridge, Marian E., and Vincent, E. 
Lee. Child Development. 592 pp. 1943. 
$3.25. Saunders. 

Brennan. History of Psychology. 277 pp. 

$3.00. Macmillan. TU. 

Britt, S. H. Social Psychology of Modern 
Life. 562 pp. 1941. $4.00. Einehart. TU. 
Burtt, Harold E. Principles of Employment 
Psychology. 568 pp. (Eev. ed.) 1942. $4.00. 
Harper. TU. 

Campbell, J. B. Everyday Psychiatry. 333 
pp. (1st ed.) 1945. $6.00. Lippineott. E. 
Cole, Louella. Psychology of Adolescence. 

660 pp. Eev. 1942. $3.50. Einehart. TU. 
Craig, Gerald S. Science in Childhood Edu- 
cation. 86 pp. (1st ed.) 1944. $.60. Co- 
lumbia University. S. 

Cunningham, Bess V. Psychology for Nurses. 
364 pp. (1st ed,) 1946. $3.00. Appleton- 
Century. TU. 

Dockeray, Floyd C. Psychology. 504 pp. 
1942. $3.00, Prentice-Hall. 
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DoEcus, Eoy M., and Shaffer, G. Wilsoh. 
Abnormal Psychology, 562 pp. (3rd ed.) 
1945. $4.00. WilUams & Wilkins. TU, 

Dumas, Alexander G., and Keen, Grace. A 
Psychiatric Primer for the Veteran^s Family 
and Friends, 214 pp. (1st ed.) 1945. $2.00. 
Univ. of Minnesota. P. 

Goodenough, Elorence L. developmental 
Psychology. 723 pp. (2nd ed.) 1945. $3.75. 
Appleton-Century. TIT. 

Griffith, C. E. Principles of Systematic Psy- 
chology. 718 pp. (1st ed.) 1943. $4.50. 

TJniv. of Illinois. S. 

Guilford. Fields of Psychology, 695 pp. (1st 
ed.) 1940. $3.50. Van Nostrand. TU. 
Guilford. General Psychology. 630 pp. (1st 
ed.) 1939. $3.00. Van Nostrand. TU. 
Guthrie, E. E., and Horton, G. P. Cats in a 
Pussle Box, Probable 67 pp. Probable price 
$2.00. Einebart. S. 

Hall, J. K. One Hundred Years of American 
Psychiatry. 624 pp. (1st ed.) 1944. $7.50. 
Columbia. S. 

Hepner, Harry W. Psychology Applied to 
Life and WorTc, 828 pp. 1941. $4.00. 

Prentice-Hall, 

Hull, Clark L. Principles of Behavior. 422 
pp. (1st ed.) 1943. $4.00. Appleton-Cen- 

tury. TU. 

Jacobi, J. The Psychology of Jung. 166 pp. 

(1st ed.) 1943. $2.50. Yale. E. 

Jeesild, Arthur T. Child Psychology, Be- 
vised. 608 pp. 1940. $3.00. Prentice-Hall. 
Kraines, S. H. The Therapy of the Neuroses 
and Psychoses, 567 pp. (2nd ed.) 1943. 
$5.50, cloth. Lea & Febiger. TU. 

Landis, Carney, and Bolles, M. M. Person- 
ality and Sexuality of the Physically Handi- 
capped Woman. 185 pp. 1942. $3.00. 

Hoeber. E & S. 

Maslow, a. H., and Mittelmann, Bela. Prin- 
ciples of Abnormal Psychology. 638 pp. 
(1st ed.) 1940. $3.75. Harper. TU. 

Masserman, Jules H. Principles of dynamic 
Psychiatry. 322 pp. 1946. $4.00. Saunders. 
McKinney, F. Psychology of Personal Ad- 
justment. 636 pp, (1st ed.) 1941, $3.50. 

Wiley. TU. 

Mead, Margaret. And Keep Your Powder 
dry. 288 pp. (1st ed.) 1942. $2.50. Mor- 
row. P. 

Miller, J. G. Unconsciousness. 329 pp. (1st 
ed.) 1942. $3.00. Wiley. TU. 

Moore, T. V. Cognitive Psychology. 636 pp. 

(1st ed.) 1939. $4.00. Lippincott. TU. 

Morgan. Physiological Psychology. 623 pp. 
(1st ed.) 1943. $4.00. McGraw-Hill. TU. 


Morgan, John J. B. Psychology. 612 pp. 

1941. $3.25. Einebart. TU. 

Morgan, John J. B. Child Psychology. 588 
pp. (3rd ed.) 1942. $3.00. Einebart. TU. 
Muenzinger, Karl P. Psychology : The Sci- 
ence of Behavior. 441 pp. (1st ed.) 1942. 
$3.00. Harper. TU. 

Murphy, Gardner, and Lois B., and Newcomb, 
Theodore M. Experimental Social Psychol- 
ogy. 1121 pp. (Eev. ed.) 1937. $4.50. 

Harper. TU & E. 

Olkon, D. M. Essentials of Neuro-Psychiatry . 
310 pp. (1st ed.) 1945. $4.50. Lea & 

Febiger. TU. 

Pennington, L. A. Psychology of Military 
Leadership. 296 pp. 1943. $2.25. Pren- 

tice-Hall. 

PoFFENBERGER, A. T. Principles of Applied 
Psychology. 655 pp. (1st ed.) 1942. $4.00. 
Appleton-Century. TU. 

ScHOEN. Human Nature. 298 pp. (1st ed.) 

1945. $3.25. Van Nostrand. E. 

Sears, Paul B. Life and Environment. 175 
pp. (1st ed.) 1939. $1.85. Columbia Uni- 
versity. E. 

Shaffer, Laurance, Gilmber, B. von Haller, 
and Schoen, Max. Psychology. 521 pp. 
(1st ed.) 1940. $3.00. Harper. TU. 

Stoddard. The Meaning of Intelligence. 504 
pp. $4.00. Macmillan. E. 

Tiffin, Joseph. Industrial Psychology. 388 
pp. 1942. $3.50. Prentice-Hall. 

Valentine, W. L. Experimental Foundations 
of General Psychology. 432 pp. Eev. 1941. 
$2.25. Einebart. TU. 

Wechsler, David. Measurement of Adult In- 
telligence. 266 pp. (3rd ed.) 1944. $2.50. 
Williams & Wilkins. TU & E. 

Yerkes, E. M. Chimpanzees, A Laboratory 
Colony. (1st ed.) 1943. $5.00. Yale. E. 
Young, P. T. Emotion in Man and Animal. 
422 pp. (1st ed.) 1943. $4.00. Wiley. TU. 

Sociology and Business Administration 

Folsom, J. K. The Family and democratic 
Society. 755 pp. (1st ed.) 1943. $4.00. 

Wiley. TU. 

Fowler, Charles B., Baily, Nathan A,, 
Dressler, Boris, Foster, Walter L., Gem- 
mill, John D., Knowles, James, Sethur, 
Frederick S., Spero, Herbert, Taffet, Jos., 
and Turner, John E. A Syllabus for Eco- 
nomic Principles and Problems. 78 pp. (1st 
ed.) 1944. $-35, CroweH. TU. 

Haetkemeier, Harry Pellb. Principles of 
Punch-Card Machine Operation. 269 pp. 
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(loose-leaf). (1st ed.) 1942. $3.25. Crowell. 
TH. 

Haeteemeiee, Haeet Peels. An Introduction 
to Managerial business Statistics, 207 pp. 
(1st ed.) 1943, $1.75. Crowell. TXT. 
International Busiitess Machines Coep. 
Blueprint Beading, 98 pp. 1946. $3.75, 

Syracuse University Press. TU & TH. 
International Business Machines Coep. 
Bre&ision Measurement in the Metal WorTcing 
Industry. Vol. I. 264 pp. 1942. $2.75. 

Syracuse University Press. TU & TH. 
International Business Machines Coep. 
Precision Measurement in the Metal WorMng 


Industry. Yol. II. 290 pp. 1945. $4.75. 

Syracuse University Press. TU & TH. 
International Business Machines Corp. 
Shop Terms, 120 pp. 1945. $1.00. Syra- 
cuse University Press. E. 

Laidler, Harry W. Social-Economic Move- 
ments, 848 pp. 1944. $3.75. Crowell. TU 
& E. 

Moffat, James E., Christenson, 0. Law- 
rence, Edie, Lionel D., Mills, Mark C., 
Cleveland, William C., Braden, Samuel 
E., and Matchett, Geeald J. Economics: 
Principles and Problems. 1022 pp. (3rd ed.) 
1942. $4.00. Crowell. TU. 


Several weeks have elapsed since the 
original lists for The Science Library 
were compiled for printing. During 
that time we have had more definite word 
from our overseas correspondents about 
shipments of books to St. Louis. The 
following agencies and organizations 
have informed us that books from their 
respective countries are now on the way : 

American-Soviet Science Society 
Canadian Information Service 
The Norwegian Embassy 
The Boyal Danish Legation 
The Belgian Government Information 
Center 

Committee for Eehabilitation of Polish 
Science and Culture, Inc. 

The Netherlands Information Bureau 
British Information Services 
Union of South Africa Government 
Information Office 
The Australian Legation 
Swedish Universities and Technical 
Societies 

Every effort will be made to have these 
books listed in the reprints to be distrib- 
uted at St. Louis. 
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HOPES AND HURDLES IN THE CANCER PROBLEM 

By E. V. COWDRY 

DEPARTMENT OF ANATOMY, WASHINGTON UNIVERSITY 


AYhence comes this optimism that the 
problem of cancer can be solved? There 
is hope where a generation ago there was 
apathy bordering on despair. My friend 
Seelig reminds me of the notice ‘‘All ye 
who enter here leave hope behind” dis- 
played by a wag over the door of Paul 
Ehrlich’s laboratory when the master 
had the temerity to attack the cancer 
problem. And I can well remember be- 
ing discouraged by my betters from 
work on cancer when I was a student. 
Now young men and women who come 
to the universities flushed with enthusi- 
asm and ideals are not so regularly 
turned aside from work on cancer with 
the admonition “Don’t waste your 
time.” Instead they are encouraged to 
get the training and experience without 
which they cannot expect to make 
progress. 

Today’s optimism is not altogether be- 
cause of the feeling that soon we may be 
able to put away the smoked glasses and 
the begging bowl and get along with the 
job, without having to spend half our 
time trying to raise the money to pay 
for experiments. This attractive possi- 
bility of getting research adequately 
financed stems from the fact that the 
public is becoming interested. A Gallup 
Poll released on July 21, 1945, shows 
that 81 percent of Americans favor a 
Congressional appropriation of $200,- 
000,000 for the study and treatment of 


cancer and that 75 percent are willing 
to pay more taxes to provide the money. 
This poll was taken soon after the na- 
tional campaign of the American Cancer 
Society. Let us hope that action will fol- 
low before the inevitable swing toward 
economy in expenditure of Federal funds 
sets in. The encouraging thing is that 
people are thinking in terms larger than 
before, though still microscopic com- 
pared with the human need to get rid of 
cancer, with its annual death rate of 
about 163,000 a year. 

Some of the optimism may be attrib- 
uted to the rather uncritical accounts of 
“wonder drugs” dished up for the pub- 
lic. These lead people to believe that 
medical science can leap over hurdles, 
which is true. But in cancer there are 
many hurdles, high and unique in char- 
acter, as will be explained later. It 
would be unsafe to bank too much on the 
argument that because diphtheria, for 
instance, can be presented, cancer can 
also be prevented by some simple means. 
The medical profession is still “from 
Missouri.” 

Probably the best way to trace this 
optimism to its real source is to talk with 
people who are actually investigating the 
problem in hospitals, research institutes, 
and universities ; they are the ones who 
should know cancer best. A few are 
dejected, but many are somewhat excited 
by the results they are getting. They 
HOI 
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feel that they are on the right track— 
sometimes after several false starts — and 
will talk enthusiastically of their experi- 
ments for hours. They cool off only 
(and promptly) when you switch the 
conversation from their work to yours. 
Without this consuming faith in what 
they are doing and refusal to spread 
their time and interest too thin, they 
would become useless. Also, they must 
use judgment in the interpretation of 
their results. Their habit of self-criti- 
cism is good. The difficulty is properly 
to limit this essential trait, for not in- 
frequently they are also extra-critical of 
others, and, since diverse experiments 
have a place in the attack, their judg- 
ment is often based on inadequate knowl- 
edge of exactly what the other fellows 
actually are trying to do. Consequently, 
the visitor is apt to become confused by 
the mixture of justifiable and loose criti- 
cism, and this confusion is likely to in- 
crease the more cancer research labora- 
tories he visits. The truth is that there 
are many right tracks, and that cancer 
can be attacked from more angles than 
any other major medical problem. 

Why are there so many trails in the 
cancer problem that can be explored to 
advantage? One reason is that cancer 
can be studied not only in man but in 
a wide range of animals. All kinds of 
domestic animals — dogs, sheep, cats, 
goats, horses, and so on — suffer from 
cancer more or less frequently. Inves- 
tigations of cancer in fish, frogs, chick- 
ens, and mice have been particularly 
illuminating. Animals of so many sorts 
are known to suffer from cancer that 
diligent search has been made for some 
species the individuals of which never 
have cancer. It was thought, rightly, 
that if some such cancer-free species 
could be found, comparison of it with 
another species abundantly afflicted with 
cancer might reveal the nature of the 
factors that determine resistance and 
susceptibility to this disease. Accord- 


ingly, zoological gardens have been ram 
sacked for some cancer-free species, and 
animals collected in expeditions in for- 
eign lands have been examined for can- 
eer-free sorts, but without success. In 
no instance have negative results been 
obtained in a sufficient number of ani- 
mals belonging to a single species to 
justify the conclusion that the species 
is free from cancer. So much for the 
vertebrates. 

In invertebrates, also, cancer does oc- 
cur, but its range of distribution is still 
more obscure. Even in plants a disease 
rather remotely resembling cancer has 
been discovered and therefore botany is 
well represented on the Committee of 
the National Research Council, financed 
by the American Cancer Society. Can- 
cer is, then, the antithesis of mental 
disease. The psychiatrist can operate 
only at the human level where thoughts 
can be conveyed by speech. The cancer 
investigator can operate at numerous 
levels, perhaps at all the principal levels 
in the animal scale. 

Other pioneer workers tried to find a 
parallel contrast in man, that is, between 
a cancer-free race or tribe and a cancer- 
rich one, again to get at the resistance 
and susceptibility factors. The first re- 
ports that cancer is absent in the Eski- 
mos and others were invariably fol- 
lowed by the discovery of cancer when 
more individuals were examined. It is 
also clear that cancer in man is not a 
modern disease, but has been with us 
from prehistoric times. 

A second reason why cancer supplies 
such abundant openings for research is 
found in the fact that, unlike most other 
diseases, it is not limited to a particular 
age group. It can develop from before 
birth to extreme old age. Though the 
peak of greatest number of deaths from 
cancer in men is from 60-69, and in 
women from 50-59, there were in 1942 
more deaths from cancer in children 
under five years of age than from infan- 
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tile paralysis, or from acute nephritis, or 
from all diseases of the ear and mastoid 
lumped together. And in the same year 
deaths from cancer in the age groups 5-9 
and 10-14 exceeded those from dysentery, 
whooping cough, diphtheria, or measles, 
which goes to show that, while cancer is 
not common in infants and children, it 
is deadly. 

Third, cancer can develop in more 
parts of the body than most other dis- 
eases, so that the tissues and the ages 
at which it can be studied are varied. It 
is, of course, a disease of cells. For some 
unknown reason the cells are so modified 
that they become malignant, in the sense 
that they multiply without the usual 
bodily restraints, invade the territory be- 
longing to other cells, and continue to 
monopolize everything until the patient 
dies, often extremely emaciated. A com- 
mittee appointed by Surgeon General 
Parran has made the pronouncement 
that ^‘malignancy is a universal cell 
potentiality, in that any cell has in- 
herent in its make-up the potentialities 
for unlimited and uncontrolled growth.’^ 
This may be too sweeping a generaliza- 
tion, but the fact of interest here is that 
the cancer investigator can profitably 
study the origin of cancer in cells of 
many sorts, each one of which poses a 
problem in itself which demands a con- 
centration of techniques, physical and 
biochemical, physiological and pharma- 
cological, pathologic and genetic. Multi- 
plying the number of kinds of cells by 
the number of experts who should study 
each, one obtains a large figure. 

A further consequence of the fact that 
cancer can present itself for study in 
any part of the body is difficulty in the 
establishment of departments of cancer 
in our medical schools. If created, such 
departments could not be self-contained 
units like those of gynecology, ophthal- 
mology, urology, and the other special- 
ties. They could only be superdepart- 
ments, that is, cancer hospitals, or else 


weak organizations treating and study- 
ing patients on suffrage in other depart- 
ments throughout the school: cancer of 
the breast in the department of surgery, 
cancer of the uterus in the department 
of gynecology, cancer of the prostate in 
the department of urology, and so on. 

A fourth feature of cancer which sets 
it apart from other diseases is the far 
greater number of agents that can pro- 
duce it. The simplicity of syphilis 
(caused by a single type of spiral organ- 
ism) or of tuberculosis (caused by a sin- 
gle kind of bacterium) is wholly lacking 
in cancer. The cancer-producing agents 
are called carcinogens, because under 
certain conditions they can generate can- 
cer. They are of two kinds: external 
and internal. 

Sunlight is the most universal of ex- 
ternal carcinogens, but its power to pro- 
duce cancer is relatively feeble. Long 
exposure through many years is ordi- 
narily required. Cancer of the lip, 
caused by shorter, but more intense, 
exposure to sunlight, is one of the prices 
paid by some of our Pacific veterans. 
Dust, especially in particular kinds of 
mines, X-rays, radium and radioactive 
substances, many coal-tar products, par- 
ticularly tars and certain aniline dyes, 
and numerous other chemical substances 
can produce cancer if conditions are 
favorable. And cancer tends in a small 
minority of cases to follow burns and 
mechanical injuries, such as blows on the 
bones, breasts, and testicles. 

The carcinogens that strike from 
within are more difficult to identify. 
The male, and more definitely the fe- 
male, sex hormones are under suspicion 
as possibly belonging in this category; 
but, again, one has to stress the word 
“potential” for they usually do not 
cause cancer. Without the use of these 
and other steroid compounds, evolution, 
as we know it, could not have taken 
place. 

Still another property of cancer con- 
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tributes to our perplexity, Sometiiiaes it 
is easy to fix the date of last exposure 
to a carcinogen and to measure the time 
elapsing before cancer appears. A 
worker, after a varying length of service 
in a dye factory, may change his occu- 
pation and never again be subjected to 
the same cancer hazard. Statistics show 
that he may develop cancer of the uni- 
nary bladder one to seventeen years 
later. After the last repeated exposure 
to X-rays, the physician or X-ray tech- 
nician may get cancer of the skin in one 
to eleven years. After an acute burn, 
cancer may develop at the spot in from 
one month to two years. Evidently 
there are long paths and short cuts to 
cancer. The concatenations of circum- 
stances are almost impossible to unravel. 

But perhaps the feature of cancer 
most difficult of analysis is susceptibility. 
The degree of susceptibility to an infec- 
tious disease such as infantile paralysis 
usually depends on the concentration of 
specific material antagonistic to the virus 
in the blood stream. In cancer many 
types of cells are susceptible and appear 
to have individually different degrees of 
susceptibility. We say ‘‘appear^’ ad- 
visedly, because one encounters at every 
turn in the cancer problem wheels within 
wheels, and we cannot tell how much the 
frequency and speed of cancer develop- 
ment depend on the cells that undergo 
the transformation and on the activities 
of other cells and body fluids. The body 
is a glorious mixture, never the same at 
different intervals of time, but always 
changing. The fact that among cells of 
one and the same type cancer develop- 
ment is subject to variation immensely 
complicates the problem, but it does hold 
out a tantalizing element of hope. 

Consider first the matter of inheri- 
tance. Some families show a cancer-fre- 
quency distinctly greater than that ob- 
served in the rest of the population. 
Failing evidence in these families of un- 
usually great exposure to caremogens. 


the assumption is that some of their cells 
are more susceptible to cancer than are 
cells of the same sorts in families in 
which there is but little cancer. This 
is a kind of organ susceptibility. Thus, 
as many as ten of a family of sixteen 
children have had retinal cancer, and 
cancer of the breast and of some other 
organs have a tendency to run in fami- 
lies. In identical twins cancers usually 
appear simultaneously and symmetri- 
cally, and are similar in kind of growth. 
Thus, where the hereditary endowment 
is the same (identical twins), the cellu- 
lar susceptibility to cancer development 
is generally the same, and where it is 
different, as in different families, the 
cellular susceptibility is also different. 

Even within a single individual dur- 
ing his lifetime, the susceptibility of 
some cells to agents causing cancer is 
subject to change, as in Xeroderma pig^^ 
mentosum, a childhood disease in which 
the skin becomes dry (Xeros) and pig- 
mented, and the susceptibility of its epi- 
dermal cells to the carcinogenic influence 
of sunlight increases progressively. If a 
person has a cancer the chances are 
greater that he will acquire another can- 
cer somewhere else in his body than are 
those that a normal person will develop 
a cancer. In other words, the presence 
of one cancer seems to facilitate the 
development of other primary cancers in 
the same individual. Why we cannot 
tell, but perhaps the first cancer in- 
creases the susceptibility of other cells 
to carcinogens. The qualification per- 
haps^’ must be retained until evidence 
is forthcoming of equal exposure to 
carcinogens in cases of single and mul- 
tiple cancer and of equal susceptibility 
to begin with. 

In lesions styled ‘^precancerous’^ a 
somewhat better case can be presented 
for increase in susceptibility. White- 
looking surface lesions in the mouth and 
on the tongue, existent for years, may 
flare up as cancers. Harmless-looking 
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moles of long standing may suddenly 
change, blacken, and give rise to viru- 
lent cancers. In deeper parts of the 
body other precaneerous lesions may 
persist for years without symptoms and 
suddenly become malignant. But not 
all of the white plaques, moles, or other 
so-called precaneerous lesions do this, 
only a minority of each kind. Again 
we do not know why. The point is 
that the frequency of the malignant 
transformation is greater in their cells 
than in other cells of the same types. 
This suggests, but does not prove, an 
increased susceptibility among some of 
the cells of precaneerous lesions. 

Since instances of acquired hypersen- 
sitiveness (or allergy) are found to be 
caused by a host of different substances, 
it seems not unlikely that some of the 
motley crew of carcinogens, and also 
some agents which are not cancer-pro- 
ducing, can alter cells in the direction of 
increased susceptibility. In the long 
years up to the age when most cancers 
are noticed they have abundant oppor- 
tunities to work. It is conceivable that 
we are concerned also with a decrease in 
susceptibility to carcinogens. In mice 
of certain strains the susceptibility of 
epidermal cells to carcinogen is less in 
old than in young animals. 

It is unnecessary to sketch further 
the broad scope and intricacy of the can- 
cer problem — the many kinds and ages 
of animals involved, the many cell types, 
the host of different cancer-provoking 
agents, the great variation in time re- 
quired to produce cancer, and the cel- 
lular susceptibility subject to change. 
No wonder that cancer research is so 
diversified and that some investigators 
are of the opinion that before we can 
get really started more must be learned 
about normal cellular physiology and 
growth. Indeed, almost any line of in- 
vestigation dealing even remotely with 
cells is helpful, for cancer is unquestion- 
ably a cellular problem. But it is desir- 


able to arrange the established facts in 
such a way that they are a little less 
overwhelming and so that research can 
be aimed more accurately at a solution. 

A MEASUEE of orientation is given by 
comparing the events leading to muscu- 
lar contraction with those which result 
in cancer production. Muscular con- 
traction and cancer production are of 
course very different phenomena. We 
are concerned only with the series of 
steps leading up to them, not at all with 
the nature of the steps. 

First, a few words about muscular 
contraction. This can result from 
stimuli of many kinds: light, sound, 
heat, cold, taste, smell, touch, pressure, 
and so on. The stimuli activate recep- 
tor cells particularly susceptible to them. 
These receptor cells generate nervous 
impulses which are transmitted in their 
long processes, or in nerve cells strung 
out in series, by many sensory pathways 
into the central nervous system, where 
they are correlated and adjusted. From 
the central nervous system the impulses 
are carried by motor nerve fibers to a 
muscle. These motor fibers have been 
aptly called the final common path by 
the great physiologist Sherrington. 
They are the final nervous elements in the 
sequence, that is, those which reach 
directly to the muscle. They constitute 
a common path into which the impulses, 
initiated by many sorts of receptors, 
traveling to the central nervous system 
by diverse sensory nerves, converge and 
funnel into the muscle. For example, 
a muscle in the hand on the steering 
wheel of a motor car can contract in 
response to something seen, or heard, 
or felt in the motion of the wheel, or in 
consequence of some past sensation or 
experience stored in memory. Yet the 
impulses, whatever their source, reach 
the muscle through the same motor nerve 
fibers acting as their final common path. 

In the comparison it is convenient to 



306 


THE SCIENTIFIC MONTHLY 


consider activating agents, sequence of 
events, modifiability, and final common 
path: 

(1) Aciivatmg agents. 

In muscular contraction the stimuli 
are of wide variety. When carefully 
considered it is found that they are so 
different that it is not possible to name 
a property which all of them possess in 
common, other than the capacity to pro- 
duce a change. If they act with suffi- 
cient strength they initiate a sequence 
of events, in the actual performance of 
which they do not participate. 

In cancer production the carcinogens 
are also of many sorts, in which it is 
similarly not possible to discover a com- 
mon property. If they act in sufficient 
strength, or repeatedly over a long 
enough time, they start chemical changes, 
in the continuation of which they appar- 
ently do not participate. 

(2) Sequence of events. 

Those leading to muscular contraction 
may be long or short, depending upon 
the number and the character of the cells 
in series. Between each cell resistance is 
greater than in its substance. There is 
a kind of build-up of force to overcome 
this resistance, and time is lost. 

The events culminating in cancer pro- 
duction are, by comparison, as yet 
largely hypothetical. But it seems logi- 
cal to assume the existence of such steps 
in series differing inter se both in num- 
ber and character, and also to imagine 
a kind of build-up to overcome inertia 
between them. 

Obviously, to unravel the sequences 
leading into the final common path of 
cancer production is much more difficult 
than to identify those reaching into the 
final common path of muscular contrac- 
tion. The structural elements in the 
neural sequences are definitely arranged 
in space and stay put, so that they can 
be seen microscopically and their activi- 


ties measured quantitatively. The events 
in carcinogenesis are centered in the 
same area of tissue (with unlmown 
spread elsewhere), and later events oblit- 
erate those going before. Moreover, as 
already related, cancer can develop in 
many different sites, the differential 
characteristics of which may be not 
without influence on the course of events. 
These differential characteristics are as 
numerous as are the kinds of tissues. 
One immediately thinks of high vascu- 
larity, low vascularity, and avascularity, 
presence or absence of lymphatic drain- 
age, and degree of cellularity. More- 
over, the steps up to cancer production 
take in the tissue fluids, whereas those 
reaching into the neural final common 
path are for the most part insulated 
from them by impermeable myelin 
sheaths and dense cellular and fibrous 
investments. 

Because of the partial insulation of 
neural components, events once started 
are perhaps more likely effectively to 
reach into the final common path and 
bring about muscular contraction than 
the events in carcinogenesis are to cause 
cancer. In other words, there are fewer 
opportunities for them to fade out than 
in cancer production, the operating time 
for which is also so much longer, and in 
which so many carcinogens so seldom 
initiate sequences reaching the goal. 

(3) Modifiability. 

A short cut is possible by elimination 
of some of the events that ordinarily 
lead to muscular contraction, as when 
contraction results from direct electrical 
stimulation of muscle. Earle has been 
able to bring about the malignant change 
simply by the addition of carcinogen to 
susceptible cells. 

The series of events resulting in mus- 
cular contraction can be reinforced by 
the operation of additional activating 
agents, or stimuli, and by voluntary 
effort. So, also, the steps eventuating 
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in cancer production can be made more 
effective and the time shortened by ad- 
ditional carcinogens stepping into the 
sequence initiated by the primarily act- 
ing ones. 

In states of hyperexcitability of the 
receptors of nervous elements, and per- 
haps of muscle, ordinarily inadequate 
stimuli can produce contraction. In con- 
ditions of decreased excitability and of 
block somewhere in the sequence, even 
strong stimuli can fail to result in con- 
traction. By conscious inhibition the 
hand can be held against a hot iron, the 
impulse to remove it being overruled. 

Susceptible cells live in a world of 
potential carcinogens. These ordinarily 
fail to produce cancer except when the 
force exercised is sufficient. Some in- 
stances of hyper susceptibility on the 
part of such susceptible cells are known. 
Cancer production can be speeded up, 
as when estradiol benzoate is adminis- 
tered to susceptible animals in addition 
to the carcinogen. And it can be slowed 
down. Decrease in susceptibility and 
complete block of cancer production re- 
main more of a mystery than like phe- 
nomena in muscular contraction. 

(4) Final common path. 

Muscular contraction at the ends of 
motor nerves is the same in muscles of a 
given sort, irrespective of the kind of 
initial stimulus. Among vertebrates the 
nerve fibers in the final common paths 
deliver the same kick to muscle by liber- 
ating somehow a definite substance, 
acetyl choline. The quality of the con- 
traction depends on the type of muscle, 
whether smooth, skeletal, or cardiac, and 
perhaps on individual differences within 
types. 

Cancer production in cells of a given 
type is similar, irrespective of the kind 
of carcinogen acting on them. Thus, a 
squamous cell cancer can result from 
carcinogens as different as solar radia- 
tion, radium, and many chemical sub- 


stances. Moreover, individual cancers 
of a definite type show striking degrees 
of resemblance, even though present in 
animals of different species — ^indeed, of 
different classes — of vertebrates. The 
assumption is not farfetched that the 
final kick delivered to susceptible cells 
is one and the same in all cases of cancer 
production. The quality of the resulting 
cancer is primarily conditioned by the 
type of cell thus influenced. Since, as 
previously noted, a vast array of differ- 
ent types of cells possess malignant po- 
tentiality, the different sorts of cancer 
are legion. 

This view of events not only illustrates 
the difficulties ahead but also indicates 
where the problem of cancer can be at- 
tacked with some hope of success. 

Preventive measures of avoidance can- 
not be expected ever to banish cancer, 
as is being done in many districts in 
the case of malaria, for example. It will 
be helpful to keep up the search for 
hitherto unrecognized carcinogens and 
to try to limit exposure to those already 
known to the point where they are harm- 
less as cancer-producers. To avoid them 
all, or to reduce them to impotence as 
cancer-producers, and still to go on liv- 
ing would be about as feasible as to 
close the doors of our bodies to sensory 
stimuli from without and from within 
and to continue alive. Yet, when there 
is reason to suspect the existence of un- 
usually great susceptibility to cancer, 
efforts at avoidance of the activating 
agents must be redoubled. And it is not 
beyond the realm of possibility that 
means will eventually be discovered to 
decrease this susceptibility. 

To block the sequences of events initi- 
ated by these activating agents before 
they funnel into the final common path 
is of course a possibility. The difficulty 
is that in man we so often do not know 
that anything untoward is taking place 
until the cancer appears. The so-called 
precancerous lesions may or may not be 



308 


THE SCIENTIFIC MONTHLY 


representative of events leading to can- 
cer. We need to learn more about them. 
Tbe warning signal of pain, so helpful in 
promoting survival in other conditions, 
is usually withheld until some time after 
the malignant change takes place. 

If we could discover what happens at 
the end of our hypothetical final com- 
mon path we might be able to prevent 
the cancerous transformation. The way 
to get at it seems to be to unearth the 
fundamental difference — or differences — 
that exists between normal and cancer- 
ous cells of the same type on which the 
difference in behavior depends. Armed 
with knowledge of the nature of the dif- 
ference, we would be better able to ascer- 
tain how the change is brought about, 
or, coming back to our comparison, what 
is the kick delivered to susceptible cells 
at the end of the final common path. If 
it is some kind of chemical substance, or 
perhaps even a virus, it is conceivable 
that it might be possible in some way 
to inactivate it, or to alter the cell mem- 
branes so as to protect the cells against 
it. But people are dying of cancer every 
day. Therefore, while striving for data 
on this fundamental difference, in order 
to make the proper start, unremitting 
efforts should continue, even blindly, 
trying to save the cells from the un- 
known influence. Curare, which pre- 
vents muscular contraction by acting 
where the fibers of the neural J^al com- 
mon path impinge on muscle, was a 
chance discovery by South American In- 
dians. 

Coming now to the cells which have in 
some way become cancerous, obviously 
it is important to devise some test of 
blood or urine which will reveal the pres- 
ence of cancer wherever located in the 
body. If cancer cells give off some sub- 
stance not produced in their absence, this 
might be demonstrated by some test. 
But the test would have to be extraordi- 
narily delicate, because beginning can- 
cers consist of only a few cells, incapable 


of releasing much of anything. There 
is also the possibility that something de- 
tectable is released by noncancerous cells, 
in consequence of the presence of can- 
cerous ones, which likewise is foreign to 
a body free from cancer. Again the test 
would have to be very sensitive. If, on 
the other hand, such specific substances 
are not formed and we have to do only 
with the production of more or less of 
substances present also in the absence of 
cancer, the chances are obviously not so 
favorable. Cancers of sufficient size to 
produce a noticeable increase or de- 
crease might he as readily detected by 
present methods. 

Lastly, and of supreme importance, 
are efforts to deal with cancer cells which 
have been identified. The malignant 
property appears to be permanently en- 
graved on them. If it is in the nature 
of a mutation, the likelihood is remote 
of making these cancer cells revert to 
the status of their forebears, who were 
useful members of the cellullar com- 
munity. Yet this must be attempted. 
Merely to deprive the cells of their 
malignancy and viciousness with the 
idea of withdrawing their teeth, so to 
speak, may turn out to be more feasible, 
and must be attempted. However, the 
main line of attack in cancer evidently 
is to discover the specific vulnerability 
of cancer cells so that they can be killed 
off without at the same time destroying 
normal cells. 

There can be no question but that the 
approach to the central objective is to 
find out how the manner of life of can- 
cer cells differs from that of normal 
cells. The National Cancer Institute 
and the American Cancer Society, the 
two organizations from which we natu- 
rally expect most, are digging into this 
problem of cellular physiology. Yet 
the need for relief from the cancer 
plague is so urgent that, while diligently 
providing this groundwork, a frontal at- 
tack on the cancer cells, armed only with 
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present knowledge, shonld not be post- 
poned. TMs direct offensive slionld be 
on cancer cells of a single type in 
animals on which experimentation is 
practically unlimited, and it should be 
supplemented by cautious follow-up ex- 
periments on the same sort of cancer 
cells in humans. 

Organization should be on a large scale 
so as to bring to bear on the malignant 
cells all the influences which affect cel- 
lular activity and do not kill the ani- 
mals. But this should not be done 
altogether blindly. The selection of 
influences to be tested should be based 
on the carefully considered advice of 
expert physiologists, endocrinologists, 
pharmacologists, biochemists, physicists, 
radiologists, microbiologists introducing 
new ‘^wonder drugs,” and physicians. 
Particularly should many products hith- 
erto on the secret list in connection with 
the war be tried. The experiments 
should not be limited to possible means 
of altering the conditions of cell life by 
the injection of substances, by altera- 
tions in diet, by subjection to physical 
agents, but should include surgical in- 
tervention by removal of organs or parts 
of organs which might be expected pro- 
foundly to modify these conditions. The 
spirit of inquiry should be that of trying 
everything, not omitting even the un- 
likely influences, such as animated Ket- 
tering in the search for a substance that 


would take the knock out of gasoline, 
and Edison in the invention of a fila- 
ment that gave electric light to the 
world. The driving force of mustj which 
has achieved the seemingly impossible in 
war invention and industry, should pre- 
vail. "Whatever organization meets this 
challenge should be ready to work day 
and night in several shifts to stem the 
appalling death rate from cancer. 

This goal is attainable. In practice, 
remarkable and significant variations are 
observed in the behavior of cancers. 
Some primary cancers produce whole 
flocks of secondary growths in other 
parts of the body, others do not. A 
large primary tumor may produce small 
secondary growths, whereas a small pri- 
mary tumor may give rise to huge secon- 
dary tumors. Some grow at an amazing 
speed and others slowly. A single cancer 
may enlarge rapidly, then enter into a 
period of slow extension, almost of 
latency. Another may grow slowly, and 
then speed up. In extremely rare cases 
an active cancer may completely disap- 
pear, as in the well-authenticated ease of 
Sister Gertrude. Wholly unknown 
forces are sometimes at work in the body 
which accelerate, retard, and even abort 
cancers. Perhaps it was a realization 
of the operation of such influences which 
led Ehrlich to attack the cancer problem 
despite the warning ‘^All ye who enter 
here leave hope behind.” 
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Opposition of science and religion 
seems sensible to some and absurd to 
others; wliich view one holds depends 
in part upon what one means by religion. 
If religion is defined as consisting of 
traditional dogmas and the ecclesiastical 
systems interested in maintaining thein> 
then the view that science and religion 
are opposed may well be justified. But 
if religion be conceived as faith in the 
worth-whileness of living and active pur- 
suit of what seems worth while, then 
science and religion are not opposed and 
science is a very important part of re- 
ligion. 

Narrow religionists and narrow scien- 
tists alike agree that each is opposed to 
the other, but broad religionists and 
broad scientists recognize that science 
and religion involve each other. It is 
said that science deals with facts and 
religion with values. This is true, but 
it is not the whole truth. For there are 
facts about values and vice versa. 

As for facts about values, it is a fact 
that values exist; that they are what 
they are; and that they are experience- 
able. Values, as observable data, are 
open to scientific investigation, and it is 
a sad commentary on science that such 
investigation has been so long neglected 
by so many of those who have faith in 
science. 

As for values about facts, if facts were 
of no value, scientists would not be in- 
terested in them, and if they were not 
useful, no one would ever become a scien- 
tist. Even those ^‘pure” scientists who 
seek ^ ‘facts for their own sake^’ seek 
values, because for their own sake means 
that the values are self-contained. Thus 
science is pursuit of values as well as of 
facts. 


If religion is the comprehensive name 
for pursuit of values, then science, in- 
sofar as it is pursuit of values, is a part 
of religion. This conclusion is so un- 
satisfactory to those scientists who are 
in the habit of thinking of religion in 
terms of traditional dogmas that some 
explanation of the “true’' nature of 
religion seems desirable, that is, of that 
view of the nature of religion which one 
would reach if he investigated the matter 
scientifically. In other words, the inves- 
tigator should be open-minded, tolerant, 
willing to be guided by experience and , 
reason, and without prejudgment as to 
what the conclusion will be. Some scien- 
tists who maintain such an attitude to- 
ward problems within their field fail to 
do so in other fields, and the difficulty 
they have in maintaining a scientific 
attitude in the field of religion, or with 
respect to values, is so great that they 
have come to insist that science cannot 
deal with values and, by implication, 
with facts about values. But other scien- 
tists have faith in the applicability of 
scientific attitudes to facts about values 
and have sought to make a scientific ap- 
proach to religion. 

The scientific investigator will make 
extended and careful observation of 
data, classify data into types based on 
similarities and differences, formulate 
hypotheses about the nature of the data, 
and verify hypotheses by applying them 
to additional data. In seeking to under- 
stand religion the scientist observes ex- 
tensively whatever is called religion by 
different people at different times; he 
examines hypotheses which others have 
held as well as those suggested by his own 
surveys; and he tests all these hypotheses 
to discover their relative merits in inter- 
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preting tlie data. Hypotheses which fail 
to fit all of the facts remain unaccept- 
able, except that, in the absence of any 
completely satisfactory theory, that 
hypothesis which is most adequate is 
held tentatively as the most satisfactory. 
In formulating a scientific definition of 
religion, scientists would seek all those 
characteristics that together are both 
necessary and sufficient for the existence 
of what people call religion. 

One such tentative hypothesis is pre- 
sented here. This hypothesis, briefly 
stated, is that religion involves five es- 
sential characteristics : values, beliefs, 
desires, faith, and action. A word about 
each is needed. 

Eeligion involves values (and dis- 
values) in two senses: felt values and 
valued objects. Felt values, or feelings 
and emotions, are of many sorts: love 
and hate, hope and despair, awe and 
contempt, security and danger, peace 
and turmoil, pride and mortification, 
satisfaction and frustration. ^‘Objecti- 
fied values’^ are of many sorts. Since 
feelings of value and disvalue are natu- 
rally “projected into objects,’’ we seem 
to see what we feel as apart from us. 
We not only have feelings of love, but 
we seem to love others because they are 
lovable; we not only have feelings of 
hate, but we seem to hate others because 
they are hateful. We objectify our feel- 
ings of good and evil as due to gods and 
devils. 

Eeligion involves beliefs, or theories 
believed, of many sorts. These may be 
summarized as theories about the nature 
of the universe, about the nature of man, 
and about the nature of values. The 
sum total of one’s beliefs constitutes his 
philosophy of life. 

Beliefs about the nature of the uni- 
verse normally include theories of the 
origin of the universe, its structure or 
composition, the kinds of changes, proc- 
esses, and developments taking place in 
it, and its end, or future prospects. 


Since men are profoundly interested in 
values, they are concerned especially 
about the fate of values and about 
whether or not the universe is friendly 
to values. Theories about the nature of 
the universe are sometimes called “cos- 
mologies,” and often include “theolo- 
gies.” Especially today, they rest upon 
the results of the various sciences. Part 
of the reason for the alleged antagonism 
between science and religion is that 
many religionists insist upon the truth 
of centuries-old and now-obsolete science. 
Eeligion depends on science; or, science 
is a part of religion. Cultural lag in 
our ecclesiastical systems has caused con- 
flicts. These conflicts are not essentially 
between science and religion, but be- 
tween religion based on modern science 
and religion based on ancient science. 

Behefs about the nature of man nor- 
mally include theories identical with 
those about the nature of the universe. 
What is man? Is he an eternal or a 
temporary being ? If both men and the 
world change, can men hope for conser- 
vation of their values in the future? 
Is human nature such that values can 
be finally and completely achieved, or 
such that perfection can be hoped for 
but never achieved? Is human nature 
inherently good, or evil? Or both? Or 
neither ? 

Beliefs about the nature of values 
normally include theories of the origin 
of good and evil, the kinds of values and 
disvalues, the achievability, eonservabil- 
ity, ereatability of values and disvalues, 
and the fate or future prospects of 
values and disvalues. Where did good 
and evil come from ? What caused 
them ? Did they always exist ? Did they 
have personal or impersonal causes? 
Can they still be created anew? Of 
what do good and evil consist? Are 
they different kinds of things, or differ- 
ent aspects of the same kinds of things? 
Are there great and small values, tem- 
porary and eternal values ? Since values 
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are related to desires, perhaps there are 
as many different kinds of values as 
there are of desires. These have varied 
from person to person, culture to cul- 
ture, and time to time. All, however, 
have included desires for security (of 
life, food, children, health, home, etc.), 
desires for esteem, desires for love and 
friendship, and desires for more interest- 
ing activity. Beginning students of re- 
ligions seem lost in a maze of unrelated 
value-beliefs. But persistent students 
discover common patterns of value- 
beliefs running through all religions. 

Can the '‘good life’^ be achieved by 
all men f What must one do to get what 
is good and to avoid what is evil ? What 
kinds of conduct or behavior are best to 
achieve goodness? What kinds of ideas 
or attitudes should one have? What 
kinds of instruments should one use? 
What kinds of beings should one seek 
to serve or seek to destroy ? Are values 
given to us or made by us ? Are values 
to be waited for or sought after ? 

Can values, once achieved, be pre- 
served? Is the good life transient or 
eternal ? Does a good deed now deserve 
an eternal reward, or is each good deed 
its own reward? Is evil temporary or 
permanent? Will all values cease some 
day, or wiU they endure forever ? Will 
our values always be the same, or will 
they change and evolve into different 
values? What guarantees are there 
about the future of values? 

Eeligion involves desire to achieve 
values and to avoid disvalues. Not just 
indifferent belief, but actual desire to 
achieve values is essential to religion. 
One must want what is good. It is 
natural to want what is good, and thus, 
to this extent at least, it is natural to be 
religious. Desire to avoid evil, not just 
helpless acceptance of ills, is also essen- 
tial to religion. One must want to de- 
stroy or diminish evil, and insofar as it 
is natural to want to do this, men are 
naturally religious. Since religion seeks 


abatement of what is bad, the religious 
naturally desire to abide by justified 
taboos. 

Eeligion involves faith in the truth- 
fulness or usefulness of one’s beliefs and 
in the realizability of one’s desires. 
Having beliefs is not enough; in order 
to be religious, one must trust his theo- 
ries in actual practice. "Faith,” some- 
one has said, ' ' is knowledge upon which 
one is willing to risk himself in action.” 
Having desires is not enough; in order 
to be religious, one must have faith that 
his desires for the good life can be ful- 
filled. He must have faith that "the 
universe is friendly to values,” at least 
in some measure. 

Eeligion involves action. ' ‘ Faith with- 
out works is dead.” Eeligion involves 
acting upon one’s faith in one’s beliefs 
and desires. Eeligion is a quest, or a 
questing, for the good life. Eeligion is 
devotion to values, not so much devout- 
ness of attitude as devoting serious effort 
to active pursuit of values. Eeligion is 
more than an experience of values, more 
than a philosophy (or science) of life, 
more than a set of sincere desires, and 
more than a faith that everything will 
turn out all right in the end. It involves 
active practice of one’s faith in one’s 
philosophy of values. 

So much for a tentative definition of 
the nature of religion. Critics will con- 
tend that it is too general. The reply 
wiE be — and this is one of the important 
points of this article — ^that most defini- 
tions of religion are too narrow. Theol- 
ogy is a possible, but not an essential, 
ingredient in religion ; there are atheistic 
religions. Those who insist upon theo- 
logical ingredients do so partly because 
there is a preponderance among them of 
those who prefer to base their beliefs 
upon ancient rather than on modern sci- 
ence. As more investigators without 
vested interests, financial or educational, 
in traditional systems study the nature 
of religion, the less often do theological 
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items appear among what are considered 
the essentials of religion. 

If this theory of religion is adequate, 
it will apply to everything that is com- 
monly called religion and to some things 
that are not. Supernaturalism, natural- 
ism, occultism, communism, animism 
and atheism may all be varieties of re- 
ligion. Fetishes, family Bibles, music, 
marriage, politics, prayer, orgiastic 
dances, statistical analyses, scientific in- 
quiries and heretical inquisitions; vir- 
ginity mores, fertility practices, artificial 
insemination, capital punishment, church 
attendance, bombing raids, building of 
libraries and burning of books — all are 
possible parts of religions. But they 
are not all — or, rather, not at all — 
essential to religion. Each scientist can 
review the foregoing summary of essen- 
tials to see whether or not he himself 
participates in all of the essentials listed. 
If he does, and if this theory of religion 
is adequate, then he may properly be 
called religious, regardless of whether 
he appreciates or depreciates local re- 
ligious traditions. 

Ip science is a part of religion, then 
which religion seems best suited to the 
interests of modern scientists? Many 
religious traditions have become modified 
and have adapted themselves to newer 
scientific discoveries, and many will no 
doubt continue to do so. But none is 
better suited to scientists than a move- 
ment called ‘'Eeligious Humanism’’ or, 
simply, ‘^Humanism.” Humanism is 
not the only religion for scientists, for 
all religions involve some science, and 
scientists are as much entitled as others 
to pursue their preferences in matters 
of values. But Humanism is a religion 
erected upon the results of modern sci- 
ence, and thus tends to be the religion 
best suited to the interests of scientists. 
Humanists do not necessarily shun all 
traditional ideals, but neither do they 
find traditional beliefs at all essential 


to their ways of thinking. What, then, 
is Humanism? 

Humanism is science plus values. Or, 
if you prefer, values plus science. Hu- 
manism is a religion of those who tend — 
and intend — ^to accept the conclusions 
of scientific investigation as their ^‘be- 
liefs” and who have ‘‘faith” that their 
“desires” for a better life will be justi- 
fied by their “acting” upon their faith 
in such beliefs. Whoever does this is 
already a Humanist, whether he knows 
it or not. Such an answer seems so 
simple that many will want to inquire 
about further details. Since the ques- 
tion of the existence and nature of God 
has loomed so large in many recent re- 
ligious views, many scientists will want 
to ask : What about God ? The Human- 
ist will reply : What does the scientist 
say about God? Ancient scientists as- 
sumed his existence as a major premise. 
But centuries of critical analysis have 
led scientists to less and less certainty 
about his existence and nature. Modern 
scientists not only do not place assump- 
tions about the existence and nature of 
God among their major premises, many 
of them do not consciously involve him, 
or it, among their assumptions at all. 
Humanism is affected by this increasing 
uncertainty; in fact, Humanism is a 
product of it. Humanism is a religion 
in which belief in the existence of God 
is not essential. 

Does this mean that Humanism is 
atheistic ? No. If scientists could prove 
that there is no God, then, no doubt, 
atheism would become an essential of 
Humanism. So long as this seems un- 
likely, Humanism is a religion in which 
belief in the nonexistence of God is not 
necessary. Some Humanists are theists 
and some are atheists, but, insofar as 
they are Humanists, they hold some be- 
liefs in common that are more impor- 
tant to them than either their theistic or 
atheistic beliefs. 

Humanism is characterized by an em- 
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pjiasis upon the ideal of the brotherhood 
of man and by a neglect of the ideal of 
the fatherhood of God. Some Human- 
ists are, and some are not, interested in 
the doctrine of the fatherhood of God, 
but ah are agreed that the ideal of the 
brotherhood of man is more important 
than the ideal of the fatherhood of God, 
and they are committed to faith in the 
practical necessity and desirability of 
the ideal of human brotherhood. 

While some Humanists may feel that 
the ideal of man’s brotherhood is fos- 
tered and somewhat sustained by the 
ideal of fatherly origin, most will agree 
that the brotherly ideal does not neces- 
sarily presuppose the fatherly ideal. 
Those Humanists who hold opposite 
beliefs with regard to theism naturally 
entertain some doubts about the wisdom 
of their opponents, but these doubts re- 
main subordinate to their agreement 
about the superior importance of the 
ideal of brotherhood. Atheists who con- 
sider denial of the existence of God as 
more important than affirmation of the 
value of the ideal of brotherhood are 
very questionable Humanists, to say the 
least. Atheism is not only not essential 
to Humanism, but the more an atheist 
emphasizes his atheism, as compared to 
his faith in and practice of fraternalism, 
the less of a Humanist he is. Likewise, 
the more a theist insists upon his theism, 
the less of a Humanist he is. Thus, 
being a Humanist is a matter of degree. 

The basis of the ideal of brotherhood, 
for Humanists, comes not from the Bible 
but from biology. Humanists accept the 
conclusions of biological scientists about 
the origin and development of man. The 
biological doctrine of struggle for ex- 
istence and survival of the fit is but- 
tressed by contributions from all the 
natural and social scientists, especially 
by those from social psychologists, politi- 
cal scientists, and historians. The story 
of human struggle for survival is not a 
pleasant one, and man’s chances for sur- 


vival seem to be better in a cooperative 
than in a competitive society. History’s 
lesson, United we stand, divided we 
fall,” is hard to learn. Humanists have 
learned it. The belief that men are 
brothers, to be tolerated, if not loved, 
has become a practical necessity. The 
belief has a biological basis, but it is 
born and reborn as a consequence of the 
bitter experiences of unbrotherly con- 
duct. Humanists are not particularly 
sentimental about brotherhood, though 
they are not unwilling to use sentiments 
about brotherhood in the interest of 
human survival and improvement. 

Absence of traditional emphasis upon 
God as responsible for man results in 
emphasis upon man as responsible for 
seK-control. The fate of humanity rests 
primarily in human hands, if in any 
hands at all. Faith in the possibility of 
some survival and improvement of 
human values is accompanied by faith 
in the willingness of human beings to 
accept full responsibility for actively 
promoting such survival and improve- 
ment. Acceptance of complete deter- 
minism does not prevent faith in the 
effectiveness of such freedom as is in- 
volved in self-determinism. Humanists 
hope that mankind will become increas- 
ingly self-determined through becoming 
increasingly self-determining. The pur- 
suit of values, which constitutes religion, 
is facilitated by faith that willingness to 
assume responsibility for self-improve- 
ment will increase self-improvement. 
Humanists are interested in instilling 
in individuals desires for self-improve- 
ment and faith that science provides the 
best ways toward such self-improvement. 
Thus Humanism is a scientific religion — 
a religion for scientists. 

Some religions are evangelistic. How 
about Humanism f Humanists differ. 
Among those who are not evangelistic, 
an attitude prevails that increasing Hu- 
manization, or ‘^secularization,” is tak- 
ing place, and will continue to take 
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place, spontaneously, without any spe- 
cial, organized effort on the part of 
Humanists. Traditional religious sys- 
tems are declining, judging by member- 
ship and financial statistics, and it is 
better to let them die a slow death than 
to oppose them openly, thus providing 
them with the kind of revitalization that 
thrives on opposition. Humanism pro- 
gresses better, these Humanists hold, if 
industrial, governmental, educational, 
and social advancements are promoted 
without any suggestion that they are re- 
ligious in nature. It is best served by 
‘‘letting nature take its course.’’ 

Other Humanists are definitely evan- 
gelistic. One group, which organized 
what is now the American Humanist As- 
sociation, issued in 1933 ^^A Humanist 
Manifesto,” setting forth fifteen points 
of doctrine and calling for concerted 
action. This Association publishes the 
Hiimanistj edited by Edwin H. Wilson, 
at 1201 Union St., Schenectady, N. Y., 
and sponsors annually a “Conference 
on the Scientific Spirit and the Demo- 
cratic Faith” in New York City. An- 
other group, the Humanist Society of 
Friends, publishes the Humanist Friend, 
edited by Lowell H. Coate, at 2405 West 
23rd St., Los Angeles, CaL, and includes 
more than forty ministers in its official 
list. A Humanist Monographs series is 
published by Hugh Eobert Orr, director 
of the Humanist Society of San Fran- 
cisco. Books and pamphlets are pub- 
lished also by the Canadian Humanist 
G-roup, with Blodwen Davies, Thornhill, 
Ontario, as secretary. All these groups 
advocate vigorous promotion of Human- 
ism as an organized religion. 

Between those who prefer to let nature 
take its course and those who seek to 
organize Humanism as an evangelical 


religion are many who are evangelical 
about promoting Humanistic values but 
quite indifferent to Humanism as an 
organized religion. Each scientist who, 
through research or teaching, wants, in 
addition to drawing his pay, to promote 
human welfare may be a Humanist of 
this kind. Each scientist who believes 
that his specialty contributes to human 
progress rather than service to God is a 
Humanist. And to the extent that he 
seeks to help others to have faith that 
the beliefs involved in his specialty will 
help them, he is evangelistic with respect 
to human values. Organizations of sci- 
entists for purposes of improving science, 
and thereby improving humanity, are 
Humanistic organizations. The Ameri- 
can Association for the Advancement of 
Science is an excellent Humanistic or- 
ganization, if one is to judge by its 
name, by editorials appearing in its 
Bulletin, by many of the articles appear- 
ing in The Scientific Monthly, and by 
published descriptions of its “saints,” 
or honored dead, medalists, and prize 
winners. Recent Bulletin editorials urg- 
ing scientists to accept more responsibil- 
ity for guiding postwar reconstruction 
illustrate evangelism for improving 
human values. 

Despite the disdain that many claim 
toward values as proper subjects for 
science, the ultimate aim of science is 
pursuit of values. If religion is the gen- 
eral name for pursuit of values, then 
scientists who pursue values are re- 
ligious. If Humanism is the religion 
most completely based on science — con- 
temporary science, that is — then Human- 
ism is the most scientific religion and the 
best religion for scientists. And, if so, 
most scientists today, whether aware of 
it or not, are Humanists. 
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LINES FOR A VERY YOUNG SCHOLAR 

By CixiEENCE R. Wylie, Je. 

DEPARTMENT OF MATHEMATICS, THE OHIO STATE XJNIVERSITT 

There is hut one who may intrude unhid 
When in my study 1 at last am rid 
Of the worWs clamor and the day^s affairs. 
Sometimes 1 hear him as he mounts the stairs 
Or tiptoes to my door on stealthy feet. 

But sometimes, when his triumph is complete, 

He moves so softly that he gains my side 
Without my knowing it, and stands with pride, 
Still as a nesting bird, until my eyes, 

Wandering a moment from my hook, surprise 
His own on me. And then without a smile 
We face each other for a little while, 

Revealing in our comic gravity 
A mutual amazement, I to see 
My boisterous son, all roughness put away. 

And he to find the comrade of his play 
So strangely occupied with quiet things. 

Till with a hurst of laughter up he springs 
To his unchallenged throne upon my knee. 

Dear little hoy, how easy it would he 
To lay the burden of my dreams on you, 

And try to make you he, and think, and do 
The things I cherish as lifers highest aim. 

But love has saved me from the patent shame 
Of such conceit; I shall he guardian, friend. 

All that a father should, hut I shall send 
A free man, not a slave, against the years ■ 

When you go forth. And where the road appears 
Fairest to you, there with my blessing, go., 

1 shall he well content to have it so, 

Knowing that you have gathered from this hour, 
Often repeated, an imponderable dower, 

More precious than any tangible resource, 

A love of hooks, faith in the quiet force 
Of clear, unbiased thinking, and the zest 
Of kinship with all men who manifest 
A love of truth, and make her cause their task. 
These are a warrant for the thing I ask: 

To see that you escape the deep distress 
Of lasting failure or too cheap success. 



A NEGRO SCIENTIST OF SLAVERY DAYS" 


By GEORGE P. MEADE 

COLONIAL SUGARS COMPANY, GRAMERCT, LA. 


The little-known story of Norbert 
Eillienx, Negro engineer, inventor, and 
scientist of ante-bellum days is scattered 
through textbooks on evaporation, sugar 
journals, and sugar reference books. 

It is just 100 years since the first prac- 
tical multiple-effect vacuum evaporator, 
known then as the Eillieux apparatus, 
was put into use in a sugar factory near 
New Orleans, and the centenary seems 
an appropriate time to bring together 
the facts concerning the inventor. Evap- 
oration in multiple eff'ect is now univer- 
sally used throughout the sugar industry 
as well as in the manufacture of con- 
densed milk, soap, gelatine, and glue, in 
the recovery of waste liquors in distil- 
leries and paper factories, and in many 
other processes. The underlying x>rin- 
ciple on which these evaporators operate 
has not altered materially since Eillieux 
first designed his system, and a clear and 

1 Special thanks are due Dr. Charles A. 
Browne, of the U. S. Department of Agricul- 
ture, for source material, illustrations, and sug- 
gestions in the preparation of this article. Mr. 
Alfred L. Webre, of the U. S. Pipe and Foun- 
dry Company, Burlington, N. J., also supplied 
valuable source material. 


simple description which applies to all 
such evaporators in use today is given in 
one of Eillieux 's patents (U.S. 4,879, 
1846) : 

A series of vacuum pans, or partial vacuum 
pans, have been so combined together as to 
make use of the vapor of the evaporation of 
the juice in the first, to heat the juice in the 
second and the vapor from this to heat the 
juice in the third, which latter is in connection 
with a condenser, the degree of pressure in 
each successive one being less. . . . The number 
of sirup-pans may be increased or decreased at 
pleasure so long as the last of the series is 
in conjunction with the condenser. 

The drawings accompanying the patent 
show that Eillieux ^s apparatus consisted 
of a series of horizontal pans, or bodies, 
with steam coils, also horizontal, each 
body having the general form of a loco- 
motive boiler (Fig. 1). 

The great scientific contribution which 
Eillieux made was in his recognition of 
the steam economies which can be ef- 
fected by repeated use of the latent heat 
in the steam and vapors. The vapors 
resulting from the evaporation in the 
first body of the evaporator contain 
practically all the latent heat of the 



317 




318 


THE SCIENTIEIG MONTHLY 


original steam, and these vapors are 
carried over to the steam chest of the 
second body where they give up their 
latent heat to the liquid in this body, 
which boils at a lower temperature be- 
cause of the reduced pressure. The 
process is then repeated from the second 
to the third body and so on until the 
vapors from the last body go to the con- 
denser. 

Theoretically, the multiple use of the 
latent heat may continue for any num- 
ber of times, as is indicated in Ril- 
lieux’s patent, but the practical applica- 
tion is limited by the need for sufficient 
temperature difference between the va- 
por and the liquid to be boiled. Quad- 
ruple effects are commonly used in the 
sugar industry, but higher combinations 
have been designed for special purposes. 
The multiple use of the latent heat re- 
sults in economies proportional to the 
number of times that the transfer of 
latent heat is repeated, and the fuel 
savings which Rillieux’s application of 
the principle have effected through the 
years are enormous. 

The birth record on file in the City 
Hall of New Orleans reads as follows: 
"Norbert Rillieux, quadroon libre, nat- 


ural son of Vincent Rillieux and Con- 
stance Vivant, Born March 17, 1806. 
Baptized in St. Louis Cathedral by Pere 
A ntoine.” 

It is not known whether the child was 
specifically freed or whether his mother 
was already free, but the latter is the 
more probable. The term quadroon was 
commonly used to mean any person who 
was more than half white, and the indi- 
cations are that Norbert Rillieux was 
only one-eighth colored blood. The fact 
that the baptism took place in the cathe- 
dral and that the father’s surname was 
given him and not the mother’s may 
have been usual for such alliances at 
that time. 

The father, Vincent Rillieux, was him- 
self an engineer and inventor. A steam- 
operated cotton-baling press which was 
installed in a cotton warehouse on Poy- 
dras Street was one of his inventions of 
sufficient merit to be mentioned in the 
notes published at the time of his more 
distinguished son’s death. The father 
recognized the boy’s ability at an early 
date and sent Norbert to Paris to be 
educated. This was not unusual as 
many well-to-do Louisiana quadroons of 
that day were educated in Prance. 

Most of the details of Rillieux’s stu- 
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PIG. 3. CROSS SECTION OF A DEGRANB EVAPORATORS 

THE EVAPORATOR B STANDS BETWEEN VACUUM PAN B AND VACUUM PUMP A. SUGAR-CANE JUICE 
PROM G, TRICKLING OVER THE COILS OP D, CONDENSES THE VAPORS PROM B AND IS EVAPORATED 
TO A SIRUP WHICH IS THEN FURTHER CONCENTRATED IN B TO THE POINT OP CRYSTALLIZATION. 


dent life in Paris come from the noted 
French sugar technologist and engineer 
Horsin-Deon, who was associated with 
the Louisianian in the latter part of 
the nineteenth century. Evidently the 
young Rillieux showed rare aptitude for 
engineering since at the age of twenty- 
four he was an instructor in applied 
mechanics at L’ficole Centrale in Paris. 
In 1830 he published a series of papers 
on steam engine work and steam econ- 
omy, and, according to Horsin-Deon, it 
was at this time that he developed the 
theory of the multiple-effect evaporator. 
Unfortunately, none of these publications 
is now available but, according to French 
sources, they were of very high order. 

2 Plate IV of R. S. McCulloh's Scientific In- 
vestigations in Melation to Sugar and Hydro- 
meters, Washington, 1848. Senate Document 
No. 50, 30th Congress, 1st Session. 


The interest in multiple-effect evapo- 
ration was an outgrowth of Howard’s in- 
vention in 1812 of the vacuum pan (Fig. 
2) for boiling sugar solutions to grain. 
The advantage of vacuum evaporation 
for such a heat-sensitive material as 
sugar was so obvious that the ‘‘Howard 
saccharine evaporator,” as it was called, 
was promptly adopted by the sugar re- 
finers in England for crystallizing their 
sugar liquors. This was a ‘ ‘ single-effect ’ ’ 
and it is the prototype of all modern 
vacuum pans that crystallize the world’s 
sugar. Many inventors turned their at- 
tention to extending Howard’s invention 
so that it would make use of the latent 
heat of the vapors. The most promising 
of these attempts was the evaporator of 
the French inventor Degrand, who con- 
densed the vapors from the vacuum pan 
in a series of horizontal coils whose outer 
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surfaces were cooled by a falling film of 
clarified cane juice. This evaporator 
(Fig. 3), as manufactured by Derosne 
and Cail of France, was installed in 
Louisiana, Cuba, and other countries to 
a limited extent, and for a time was a 
competitor of Rillieux's apparatus. The 
evaporation of juice thus accomplished, 
however, was an imperfect utilization of 
the latent heat and it remained for Ril- 
lieux, by a stroke of genius, to enclose 
the condensing coils in a vacuum cham- 
ber and to employ the vapor from this 
first condensing chamber for evaporating 
the juice in a second chamber under 
higher vacuum. It was thus that young 
Rillieux established for the first time the 
principles that have ^Uaid the founda- 
tion for all modern industrial evapora- 
tion.’’ He tried without success to in- 
terest French machinery manufacturers 
in his invention, and nearly twenty 
years elapsed before a beet sugar factory 
in France installed a multiple-effect 
evaporator. 

The reputation of the young inventor 
must have reached Louisiana, as he was 
called to New Orleans by Edmund For- 
staU to be chief engineer of a sugar re- 
finery which Forstall was building. The 
arrangement lasted only a short while, 
as Rillieux abandoned his position to 
avoid displeasing his father, who had 
some disagreement with Forstall. 

The first attempt at a practical evapo- 
rator was in 1834 on the plantation of 
Zenon Ramon, where Rillieux and two 
colleagues constructed a triple effect 
which is frequently referred to as the 
first multiple evaporator. Following 
this doubtful venture Rillieux plunged 
into speculation on lands and made ^^an 
enormous fortune” which was lost 
through a bank failure in the financial 
crisis of 1837. Another unsuccessful 
attempt to operate a triple effect was 
made in 1841, but the reasons for the 
failure are again vague. 

Finally, in 1843, Theodore Packwood, 


who owned a plantation below New 
Orleans now known as ‘^Myrtle Grove,” 
interested himself in the invention and 
encouraged Rillieux to install a triple 
effect made according to Rillieux ’s de- 
signs by the manufacturing firm of 
Merrick & Towne of Philadelphia. This 
operated with complete success in 1845, 
and it is agreed by all authorities that 
this was the first factory-scale multiple- 
effect vacuum evaporator. Although 
Rillieux ’s first patent of 1843 (No. 3,237) 
consists simply of two Howard vacuum 
pans connected so as to work in double 
effect (Fig. 2), the Packwood installation 
is always referred to as a triple effect. 
The evidence is that this conformed 
closely to the design (Fig. 1) given in 
Rillieux ’s second patent of 1846 (No. 
4,879). A study of the text of these 
patents shows that the inventor had a 
thorough grasp of both the theory and 
practice of multiple-effect evaporation 
as understood today. 

The acclaim was immediate and wide- 
spread, and the Rillieux apparatus was 
promptly recognized as revolutionizing 
the manufacture and refining of sugar. 
In 1846 several other factories in Louisi- 
ana installed the new evaporating system 
which made a superior sugar at greatly 
reduced costs. First and second prizes 
for the best sugar were awarded that 
year to Packwood and to Packwood and 
Benjamin, respectively, both cited as 
having ‘‘ Rillieux ’s patent sugar boiling 
apparatus. ’ ’ The picturesque but waste- 
ful “Jamaica train,” in which the juice 
was evaporated in a series of open ket- 
tles, gave way rapidly not only in Louisi- 
ana but in Cuba (Fig. 4) and Mexico. 
The progressive factory owners of 
Louisiana were proud of their new 
equipment, and the financial reports 
carried the notation “Rillieux system” 
after the production statistics of the fac- 
tories so equipped. Thirteen sugar- 
houses were thus designated in DeBow’s 
crop reports of 1849. 
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EIG. 4. INTERIOR OE A CUBAN SUGAR EACTORY3 
INGENIO ASUNCI6n, ABOUT 1855, SHOWING A RILLIEUX TRIPLE-EFFECT EVAPORATOR IN THE GALLERY. 


The system as generally installed at 
that time included not only the multiple- 
effect evaporator for concentrating the 
cane juice to a sirup but also a vapor- 
heated vacuum pan for boiling -the sirup 
to grain. The vapor for the pan was 
drawn from the first body of the multiple 
evaporator, and the boiling to grain was 
therefore done in multiple effect. This 
vapor vacuum-pan idea antedated by 
seventy-five years a similar arrangement 
of vapor pans in the large modern fac- 
tory at Clewiston, Fla., which is looked 
upon as an innovation by present-day 
sugar factory engineers. 

The years from 1845 to 1855 were 
years of triumph for Rillieux, or at least 
for his ideas. The new evaporating 
equipment was in sharp contrast to the 
older methods in which Negro slaves 
transferred the boiling juice from one 
steaming open kettle- to the next by 
means of long ladles. One workman 

3 Copy of a lithograph by E. Laplante in J. 
G. Cantero’s Los Ingenios de la Isla de Guha, 
Havana, 1857. 


manipulating a few valves operated the 
completely enclosed Rillieux apparatus. 
In addition to the savings in labor and 
steam, the lower boiling temperatures in 
vacuo resulted in greatly reduced losses 
of sugar in the process. Possibly no 
such revolutionary change had taken 
place in any industry up to that time. 
This was not merely a change from a 
manual operation to a mechanical one; 
it was a complete overturn in theory, 
practice, and method from a process that 
had changed little through the centuries 
to one which was fundamentally the 
same as is used in the boiling-house of 
all sugar factories today. 

Pew details of Rillieux ’s social status 
as a free man of color have come down 
to us. According to one story, he was 
housed in the slave quarters on some 
plantations that his work required him 
to visit, but this appears to be an ex- 
aggeration. Direct evidence from a man 
Avhose father knew Rillieux and em- 
ployed him on his plantation as an engi- 
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neer indicates tliat the color problem was 
met by providing a special house with 
slave servants for the inventor on his 
visits as a consultant. According to this 
source, Killieux was ^Hhe most sought 
after engineer in Louisiana/’ but be- 
cause of his colored blood he could not 
be entertained at the owner’s house or 
in the home of any white person. 

Eillieux’s own reminiscences, as tran- 
scribed through Horsin-Deon, do not 
refer to injustices because of his color, 
but there can be no doubt that he was 
subjected to restrictions and possibly 
indignities. Free persons of color were 
more and more restrained with the ap- 
proach of the Civil War, although they 
never reached the status of slaves. 
Among other prerogatives, they had 
property rights; they could (and did) 
own slaves; and they were subject to 
taxation, even though they were de- 
prived of the use of the New Orleans 
public school system. But by 1855 a 
free person of color could not move 
about the streets of New Orleans without 
permission, nor might he stop in the city 
without first presenting the guarantee of 
some white man. Failure to leave the 
city when ordered meant years of im- 
prisonment at hard labor. 

These restrictions probably contrib- 
uted toward Rillieux’s decision to return 
to France to live, although another 
argument for such a move would have 
been the rapid decline of the sugar in- 
dustry in Louisiana during the war. 
The year of his leaving is in doubt. 
Horsin-Deon says that he left America 

after the war, exhausted and asking 
for nothing but rest,” but others refer 
to his living in Paris in 1861. 

His engineering work while in Louisi- 
ana was by no means limited to the 
sugar industry. The drainage of the 
lowlands of New Orleans was one of the 
problems which he undertook, and a suc- 
cessful plan was worked out. There are 
conflicting stories about this enterprise. 


Horsin-Deon, who quotes Rillieux in 
much factual detail, says that the deal 
was blocked in the state legislature by 
Forstall, ^^lis sworn enemy.” It is not 
clear from this account whether the 
project was completed, or even at- 
tempted. Rousseve, in The Negro in 
Loiiisimia (New Orleans, 1937), says that 
the plan was a city sewerage system 
'‘which local authorities refused to ac- 
cept” because “sentiment against free 
people of color had become sufficiently 
acute to prohibit the bestowing of such 
an honor upon a member of this group.” 
The race question may have had some 
bearing, but this writer’s source mate- 
rial seems to have been faulty as 
he credits Rillieux with inventing a 
“vacuum cup” and says further that 
“after a time he must have moved to 
France, for he is mentioned as head of 
the ficole Centrale of Paris.” 

Strangely enough, his patent troubles 
all occurred in Europe, where no race 
discrimination was involved. The United 
States patents are in the inventor’s own 
name and were fully and profitably ex- 
ploited by him during his last fifteen 
years in Louisiana. A fixed price was 
charged for the apparatus and in addi- 
tion a percentage of the amount saved 
in fuel, which resulted in large returns 
to the inventor. A German who was 
working for the Philadelphia firm which 
constructed the first triple effect for 
Louisiana copied the drawings and took 
them to a factory in Magdeburg, Ger- 
many. From these pilfered designs, the 
first multiple-effect evaporator in France 
(and evidently anywhere abroad) was 
installed in 1852 in a beet sugar factory 
at Cuincy (Nord). This installation 
and several others made during subse- 
quent years operated so poorly that the 
nickname triste effet became common 
among French sugar engineers. Authori- 
ties agree that the difficulty lay in a 
complete misunderstanding of Rillieux’s 
designs, proving that the reason for the 
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success of the evaporators erected in 
Ameiuca by Rillieux Mmself was his 
knowledge of the underlying scientific 
principles. 

The first ten or fifteen years of his 
life after the return to Paris are ob- 
scured by lack of detail. He apparently 
lost all interest in sugar machinery and 
took up the study of Egyptology, work- 
ing for at least a decade with the Cham- 
pollions, who were noted specialists on 
the subject. According to an editorial 
in the Louisiana Planter at the time of 
Eillieux’s death, Duncan Keener, one 
of the leading sugar planters of Ril- 
lieux’s day in Louisiana, on a trip to 
Paris in 1880 looked up the inventor 
and was surprised to find him assidu- 
ously deciphering hieroglyphics at the 
Bibliotheque Nationale. This is further 
evidence of Rillieux’s studious mind a,nd 
scholarly attainments. 

When Rillieux was nearing his sev- 
enty-fifth year he ‘‘returned from the 
pyramids,’’ as one French commentator 
put it, and again vigorously concen- 
trated on the problems of evaporation 
and sugar machinery. In 1881 he 
patented a system for heating juice with 
vapors in multiple effect which is now 
universal practice in cane and beet 
sugar factories. This innovation which 
Rillieux made at such an advanced age 
was credited with reducing fuel con- 
sumption in French beet sugarhouses to 
one-half that before its introduction. In 
collaboration with Horsin-Deon, Sr., a 
cane sugarhouse was constructed in 
Egypt on the Rillieux system, using a 
quintuple-effect evaporator for juice, a 
double-effect vapor vacuum pan for 
boiling sugar to grain, and a triple- 
effect for juice and other heating. This 
factory employed the diffusion process, 
which gives very thin juices, and there- 
fore fuel economies were of great impor- 
tance. Many sugarhouse engineers of 
today do not realize that such an exten- 
sive use of steam in multiple effect was 


fully developed over sixty years ago. 
This combined process of juice heating, 
vapor boiling to grain, and multiple- 
effect evaporation seems to be the French 
process patent which Rillieux lost be- 
cause “experts were unwilling to recog- 
nize his invention. He was then 
eighty-five years old but of active tem- 
perament and in fuU possession of his 
faculties. The loss of his process seems 
to have been too much for the old man, 
however, and he ceased to devote him- 
self to this work to which his genius had 
contributed so much. He died in his 
eighty-ninth year and, according to his 
unflagging friend Horsin-Deon, the 
“end came more from a broken heart 
than from the weight of years.” He 
was buried in a vault in the churchyard 
Pere La Chaise with the following in- 
scription on his grave: 

Ici reposent 
Norbert RiUieux 

ingenieur civil a la Nouvelle Orleans 
18 Mars 1806 

decede a Paris le 8 Obre 1894 


Emily Cuckow, Veuve Rillieux 
1827-1912 

Little is known of Madame Rillieux 
except the dates on this headstone and 
that she was in comfortable circum- 
stances during the final years of her long 
life. 

Rillieux ’s character and appearance 
have been variously described, princi- 
pally by French commentators. An ex- 
cellent photograph taken in his later 
years in Paris shows him as a rather 
imposing figure of Caucasian appear- 
ance, -with a high forehead, luxuriant 
white hair, and a mustache and full 
beard trimmed in French style. A 
vigorous and intense disposition, force- 
ful to the verge of impatience, was evi- 
dently his, as the editor of a technical 
paper in Paris speaks of Rillieux ’s criti- 
cisms of his competitors as “formulated 
with a vivacity quite in character with 
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the irritable inventor. ’ ’ Apparently tlie 
term caractere difficile was frequently 
applied to him, since the younger Hor- 
sin-Deon denies that this is correct but 
adds that he was a combatif throughout 
his life, excessively frank, saying exactly 
what he thought, and never countenanc- 
ing either duplicity or injustice. 

The recognition which Rillieux has 
received is surprisingly contradictory. 
On the negative side, there is no refer- 
ence card bearing his name in either the 
New York Public Library or the New 
Orleans Public Library. None of the 
encyclopedias carries anything about 
him. The Bictionary of American Biog- 
raphy^ which includes the names of 
Western bad men, gamblers, baseball 
players, football coaches, and relatively 


obscure inventors, does not mention this 
man whose apparatus revolutionized the 
sugar industry. 

Most writers who have devoted them- 
selves to the study of Negro life and 
Negro history afford him very little 
space. Rousseve {The Negro in Louisi- 
ana) “gives only one paragraph to Nor- 
bert Rillieux, most of which is devoted 
to the story of the sewerage system 
already mentioned, but at least three 
pages are devoted to Victor Ernest Ril- 
lieux, a poet, whose work is little known. 
Thomas C. Puller in the Pictorial His- 
tory of the American Negro (Memphis, 
1933) says ^^some authorities give Nor- 
bert Rillieux credit for inventing an 
evaporator pan by which the refining of 
sugar was completely revolutionized.’’ 
Carter Woodson in The Negro in Qur 
History^ (Washington, 1922) gives a full- 
page drawing of Rillieux ’s apparatus 
which is a facsimile of a page from the 
patent of December 10, 1846, but the 
only reference in the text is that *‘Nor- 
bert Rillieux, a man of color in Louisi- 
ana, patented an evaporating pan by 
which the refining of sugar was revolu- 
tionized.” Weatherford does not men- 
tion Rillieux in The Negro from Africa 
to America, although this is the most 
frequently consulted work on Negro 
progress and achievements, according 
to the New Orleans Public Library. 

The positive recognition is impres- 
sive. The only one of his race who 
seems to have accorded Rillieux full 
credit is R. L. Desdunes, himself a 
quadroon, in Nos Hommes et Notre His- 
toire (Montreal, Canada, 1911). After 
saying that the vacuum evaporating ap- 
paratus which he invented revolutionized 
the sugar industry (a line which all the 
other writers on Negro history seem to 
have copied), Desdunes states: ^‘We 
have had our heroes, writers, musicians, 
painters, sculptors, and architects, but 
Rillieux himself was a scientific genius.” 
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This appears to be the earliest printed 
reference to Eillienx^s Negro extraction, 
aside from the birth record, although 
his racial background was common 
knowledge while he was living in Louisi- 
ana. 

At the time of his death in 1894 the 
Lomsiana Planter and Sugar Manufac- 
turer^ organ of the cane sugar industry 
for more than half a century, gave gen- 
erous space to Rillieux’s life and accom- 
plishments. The editor and founder 
was John Dymond, a sugar planter, who 
operated one of Rillieux’s original evapo- 
rating systems in his Belair sugarhouse 
until the factory was destroyed by fire 
in 1908. This apparatus was unquestion- 
ably the last of the early Rillieux equip- 
ment to operate in this country. The 
Planter ran a column-and-a-half edi- 
torial in the issue of November 3, 1894, 
and a two-column translation of an 
article which appeared in Le Journal des 
Pairicants de Sucre of Paris. The 
issue of November 24 carries the long 
letter from Horsin-Deon, Sr., in both 
French and English, from which much 
of the data here given have been taken. 
None of these articles makes any refer- 
ence to Rillieux ’s Negro blood. 

The editorial says: ‘‘It is almost 
startling to see the clearness with which 
Mr. Rillieux worked out his conclusions. 
There were so .few people who appre- 
ciated what he was doing that it became 
necessary to accept his apparatus, we 
may say, blindly, its efficient working 
being accepted by many planters who 
had no comprehension of its modus 
operandiJ’ He was referred to as “one 
of the most distinguished engineers that 
has ever been identified with the sugar 
industry, and as “grasping this prob- 
lem^’ of multiple-effect evaporation 
“with his superior intelligence.” The 
editorial says further that “he went into 
the matter [of the repeated use of latent 
heat] so long in advance of our modern 


scientists such as John Tyndall, Lord 
Kelvin, and others that his success was 
a far more wonderful thing than can be 
grasped by those of this generation.” 
These statements are not quotations 
from friendly French sources but the 
considered opinion of the editor who 
was operating Rillieux ’s equipment on 
his own plantation and who knew scores 
of Louisiana sugar men who had seen 
the pioneer development of the multiple- 
effect evaporator. 

Sugar technologists have generally 
been generous to Rillieux. One of the 
earlier writers, J. G. McIntosh, in his 
Technology of Sugar (London, 1903), 
gives five pages to the development, 
principle, and advantages of the Rillieux 
patents. ‘ ‘ This is the system which con- 
stitutes the basis of aU the saving in fuel 
hitherto effected in sugar factories. . . . 
Rillieux may, therefore, with all justice, 
be regarded as one of the greatest bene- 
factors of the sugar industry.” McIn- 
tosh also credits him with originating 
many engineering accessories now in use, 
such as the catchall to prevent the carry- 
ing over of sugar from one body to an- 
other by droplets in the vapors, the sight 
glass, or lunette, for watching the prog- 
ress of the evaporation in the vacuum 
apparatus, and the substitution of cast- 
iron vessels for the costly copper which 
was previously thought to be essential 
for sugar evaporation. 

This extensive recognition by McIn- 
tosh is especially noteworthy because 
some European writers on beet sugar 
manufacture have considered only the 
first faulty evaporators in Europe which, 
though they did not actually bear Ril- 
lieux ’s name, were copies of his success- 
fully operating models in America. 

Among American authorities, Charles 
A. Browne, eminent sugar chemist of the 
U, S. Department of Agriculture, who 
has supplied much of the source material 
for this article, says: “I have always 
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lield that Killieux’s invention is the 
greatest in the history of American chem- 
ical engineering and I know of no other 
invention that has brought so great a 
saving to all branches of chemical engi- 
neering/’ 

Alfred L. Webre, a specialist in the 
field of evaporation, is convinced that 
Killieux was the originator of the basic 
theory and practice and that he was 
fifty to seventy-five years ahead of his 
time with many of his ideas. W. L. 
Badger, of the University of Michigan, 
who is another recognized authority, 
says : '‘There is no question that the first 
multiple-effect evaporator to be actually 
built and commercially operated was 
built by Norbert Killieux in Louisiana 
in 1843, covered by U. S. Patent No. 
3,237.” (The first year of operation 
was 1845.) Edward Koppeschaar, a 
Dutch specialist who published a treatise 
on evaporation in 1914, was so impressed 
with Eillieux’s claim to distinction in 
this field that he inaugurated a move- 
ment about 1930 which resulted in the 
eroYTiing recognition for Eillieux. Kop- 
peschaar enlisted the support of the 
great Dutch sugar expert, H. C. Prinsen- 
Geerligs, then president of the Interna- 
tional Society of Sugar Cane Technolo- 
gists, foi erecting a memorial to the 
Louisianian, and together they can- 
vassed the sugar interests of the world 
for contributions. The response was 
almost unanimous and the only detrac- 
tors were a few German scientists inter- 
ested in beet sugar, who argued that 
Eillieux’s claims as an originator were 
not fully established. The list of 
thirty-eight contributors covers the 


globe and includes organizations repre- 
senting every cane and beet sugar pro- 
ducing country or territory. 

A bronze plaque was designed and 
east in Amsterdam, and arrangements 
were made through Dr. Browne to have 
this placed in the Louisiana State Mu- 
seum, which is housed in the old Gahildo 
in New Orleans. The tablet shows a bust 
of the inventor in bas-relief with "Nor- 
bert Eillieux, 1806-1894” cast in the 
bronze. In a frame of tiles, also made 
in Holland, is the inscription : 

To honor and conmiemorate 
Norbert Killieux 

born at New Orleans, La., March 18, 1806, and 
died at Paris, France, October 8, 1894 
Inventor of Multiple Evaporation and its 
Application into the Sugar Industry 
This tablet was dedicated in 1934 by 
Corporations representing the Sugar Industry 
all over the world 

The date of his birth on his grave and 
on this tablet does not correspond to 
Eillieux’s birth record in New Orleans. 
The use of the word "corporations” in 
the inscription is somewhat misleading 
as the contributors were scientific and 
technological organizations and not com- 
mei'cial corporations. 

A comparison with George Washing- 
ton Carver will undoubtedly suggest 
itself. While it is not necessary to dim 
the luster of Carver’s name in order to 
enhance the standing of Eillieux, it 
should be said that Carver’s color and 
picturesque background undoubtedly 
added to his fame, whereas Eillieux has 
received little recognition from the gen- 
eral public, and this is in part, at least, 
due to his Negro extraction. 



COAL BALLS— A KEY TO THE PAST 

By HENRY N. ANDREWS 

MISSOURI BOTANICAL GARDEN, ST. LOUIS 


More than 200 million years ago vast 
areas of the United States, from what is 
now Massachusetts to Kansas, were cov- 
ered with low humid swamps — a Great 
Dismal Swamp’’ on a magnificent scale. 
There is no sound basis for the belief 
that it was necessarily a steaming trop- 
ical jungle as we are so often led to be- 
lieve, but it certainly was composed of 
a lush growth of plants most of which 
wmild appear weird and strange to a 
modern field botanist. 

In the stagnant swamp waters there 
accumulated a vast quantity of plant 
debris, most of which partially decayed 
and became compressed to form the 
plant-mineral we call coal. A micro- 
scopic examination of this all-important 
natural resource rarely reveals any dis- 
tinguishable plant structure other than 
spores and pollen grains, yet by indirect 
methods we have learned a great deal 
about the vegetation that was respon- 
sible for it. This information has been 
gleaned very largely from coal haZlSf 
aggregations of petrified plants found 
in the coal seams of Midwestern mines. 

Through southern Illinois, to select a 
typical and productive hunting ground, 
the coal seams often lie within 20 to 50 
feet of the surface of the ground, and if 
they are thick enough it is profitable to 
employ the open-pit, or ‘‘stripping,” 
method of mining. Gigantic electric 
shovels, scooping up as much as 25 to 30 
cubic yards of earth and rock at a time, 
clear away the overburden, laying bare 
the coal below. In exploring such an 
exposed surface we might, with a little 
luck, chance upon characteristic rounded 
knobs projecting a few inches above the 
level of the seam as a whole. Upon dig- 
ging down into the coal a few inches 


w^e find these knobs to be brownish ball- 
shaped masses of petrified plants. 

These petrifactions are called coal 
balls because of their more or less 
rounded shape and because they are 
found in the coal itself. They contain 
a heterogeneous assemblage of petrified 
plant remains — stems, seeds, leaves, and 
other plant organs, often in a nearly 
perfect state of preservation. They are 
representative fragments of the millions 
of tons of forest debris that served as 
the raw material for coal. Our knowl- 
edge of the origin of these fossils is by 
no means complete, but the essential 
steps in their formation seem clear — at 
least in a general way. During Upper 
Carboniferous times streams of water 
heavily charged with minerals seeped 
through the swamps. Scattered here 
and there fragments of plants served as 
a nucleus for the deposition of the min- 
erals, and the resulting petrifaction pre- 
vented their being crushed and altered 
into coal. 

The coal balls are local in occurrence 
and as sporadically distributed. One 
may wander along an exposed seam for 
half a mile or more and not find one, 
then patches often covering many square 
yards will turn up. "Where there are 
any at all there are hundreds of pounds, 
or even tons. In some mines they are 
never found and in others they are the 
usual thing. Incidentally, they are a 
bane to miners, for in addition to dull- 
ing drills they will not burn and must 
be screened out before the coal is loaded 
for market. In size they vary from 
specimens smaller than a thimble to 
huge ones almost too heavy to lift. 

It is fitting to point out that this mode 
of fossilization is quite different from 
827 
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that of the famous nodules of northern 
Illinois, discussed in Fossil Plant Min- 
iatures of Mazon Creek’’ by Raymond 
E. Janssen (The Scientific Monthly, 
March 1945). Although both are con- 
cretionary in nature — ^that is, built up 
by continued deposition of mineral mat- 
ter about a central nucleus — the Mazon 
Creek concretions are found in the 
shales above the coal and contain as 
a rule but one compressed plant frag- 
ment. On the other hand, the coal balls 
occur in the coal itself and are continu- 
ous masses of plant parts preserved in 
cellular detail. They offer a special 
problem for study, but yield correspond- 
ingly greater botanical knowledge. 

Since these are a unique type of 
fossil, as well as one that has added an 


amazing chapter to our knowledge of the 
Coal Age forests, it may be of interest 
to outline briefly the procedure that the 
paleobotanist follows in order to extract 
from them their secrets of the past 

(Pig. 1). 

The coal balls are cut in half with a 
diamond-impregnated saw, and with a 
specimen 3 to 4 inches in diameter this 
is a matter of as many minutes. Next, 
the cut surface is smoothed with carbo- 
rundum abrasives of #100 and #400 
and then dipped into dilute hydrochloric 
acid. The acid will dissolve out the 
mineral matter (chiefly calcium and mag- 
nesium carbonate), leaving a very thin 
layer of the unaffected plant tissues 
standing in relief. This etching time 
varies with the strength of acid em- 



PIG. 1. GOAL BALLS FBOM AN ILLINOIS MINE 

A FRAGMENT OP A LARGE SHEET OP SPECIMENS SHOWING THEM EMBEDDED IN COAL. NATURAL SIZE. 
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FIG. 2. A SMALL TWIG OF LEPIDODENDRON 

A CROSS SECTION SHOWING PERIPHERAL LEAF BASES AND CENTRAL CYLINDER. MAGNIFIED 15 TIMES. 


ployed and the relative amount of min- 
eral matter present. After the etched 
surface is washed and dried a solution 
of parlodion is poured over it and al- 
lowed to harden overnight. In the 
morning the resulting film is peeled off, 
using a razor, and with it comes a thin 
section of whatever plants have been 
exposed. 

From the great open-pit Pyramid 
Mine south of Pinckneyville, 111., we 
have collected tons of coal halls during 
the past five years. These have revealed 
a wide variety of plants, although a spe- 
cies of Lepidodendron is by far the most 
abundant (Pigs. 2, 3). In fact 90 per- 
cent or more of the petrified vegetable 
debris of the coal balls consists of the 
stems, roots, leaves, and reproductive 
structures of this plant, suggesting that 
it probably composed a nearly pure 
stand in the forests of that region. The 


Lepidodendrons, although related to the 
modern diminutive Club-mosses of our 
eastern woodlands, were trees of respect- 
able size, attaining a height of 60 to 70 
feet and bearing a profusion of small 
needle-like leaves. Their superficial ap- 
pearance was similar to that of a fir or 
spruce. The stem anatomy reveals some 
of the distinctive features of these trees. 
In proportion to the general size, the 
stem possessed little wood, depending for 
additional support on a tremendous 
growth of cork tissue. Since this cork 
composed a considerable bulk of the 
stem and was less susceptible to decay 
than most of the other tissues, we may 
conclude that it is the chief constituent 
of the coal of this region, and this con- 
clusion is substantiated in other ways. 

The quality of preservation in the coal 
balls from any mine varies a good deal, 
depending on the extent to which the 
plants decomposed prior to fossilization, 
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MaanHied 1000 timen 

FIG. 3. SPORES FROM A LEPIDOHBNHRON CONE 


on the degree of replacement by the min- 
eral, and on the nature of the mineral 
itself. The chief curse of the coal ball 
hunter is iron sulphide. Some speci- 
mens are composed almost entirely of it 
and in such eases they are of little or 
no botanical value. Specimens contain- 
ing small quantities of iron sulphide are 
workable and may contain well-pre- 
served plants, but in general they are 
distinctly inferior to those petrified by 
calcium and magnesium carbonate only. 
The ^‘sulphur balls,’’ as they are re- 
ferred to by the miners, are excessively 
heavy and readily distinguished in the 
field in this way. 

The perfection of preservation of rela- 
tively delicate plant tissues is a never- 
ceasing marvel to the uninitiated and to 
the professional paleobotanist alike. 
One of the most striking eases we have 
encountered is the presence of beauti- 


fully preserved fungus mycelium in the 
cortical cells of a fern stem (Fig. 4). 
The vegetative filaments (mycelium) of 
fungi are of common occurrence in petri- 
fied plants, but in this instance the my- 
celium had profusely invaded many of 
the host cells in a way strongly suggest- 
ing the myeorrhizal relationship in liv- 
ing plants. A vast number of modern 
perennial plants are now known to be 
dependent upon such, a fungal associa- 
tion for certain phases of their nutrition, 
and it is of interest to find that this asso- 
ciation must be one of great antiquity. 

Plant structures as delicate as root 
hairs have turned up on at least one 
occasion in the Illinois coal balls. The 
roots, stems, and leaves of plants as- 
signed to the Cordaitales, ancestors of 
present-day conifers, occur frequently 
enough to suggest that they were second 
in numerical importance only to the 
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PIG. 4. FOSSIL PITNGtrS MYCELIUM 

SEEN IN CORTICAL CELLS OP A PERN PROM AN ILLINOIS COAL BALL. MAGNIPIED ABOUT 500 TIMES. 
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FIG. 5. A SEED-FEBN STEM FROM IOWA 

THIS CROSS SEcnoH OF Medullosa Thompsonii shows three steles composing the central con- 
ducting SYSTEM OF THE PLANT AND A LEAFSTALK DEPARTING AT THE EIGHT. MAGNIFIED 1.7 TIMES. 


Lepidodendrons. They were trees that 
attained a height of 80 to 100 feet and 
bore long strap-shaped leaves, present- 
ing a close superficial similarity to the 
foliage of iris or corn. In one of our 
earlier collections from the Pyramid 
Mine a stem was found with roots in 
organic connection, and some of the 
smaller rootlets retained their epidermal 
root hairs sufficiently preserved that 
they might well be used to demonstrate 
the salient structural features to a stu- 
dent in an elementary botany course. 

Contrary to what might be expected, 
the more fragile plant tissues are often 
better preserved than the more resistant 
ones. The integument, or coat, of a 
seed, likewise belonging to the cor- 
daitean group, found recently, is typical. 
It consists of three distinct layers: an 
outer one of large thin- walled cells, prob- 
ably quite fl.eshy in life, and two inner 
layers, the cells of which had walls that 
were thick to the point of being stony, 
much like the “grit^’ tissue of a pear. 
The outer tissue was very well preserved 
whereas the inner two had become rather 
badly decomposed prior to fossilizatxon. 
This is by no means an isolated case, and 
the explanation seems clear when one re- 
views the probable sequence of events. 


The mineral-bearing waters were able to 
penetrate the thin-walled cells much 
more rapidly than the sclerotic ones, 
thus insuring their petrifaction before 
bacterial and chemical decomposition set 
in to any appreciable extent. 

As might be expected, the flora of the 
coal balls varies somewhat from place to 
place. For example, specimens gathered 
in the vicinity of Des Moines, la., reveal 
a different Carboniferous landscape 
from the Illinois mines a few hundred 
miles to the southeast. In Iowa, seed 
plants seem to have been dominant, in- 
cluding members of the Cordaitales, 
and a considerable variety of species be- 
longing to that most fascinating of all 
extinct fossil groups, the Seed-ferns, or 
Pteridospermeae (Pig. 5). This does 
not imply, however, that the plants com- 
posing the two floras were entirely dif- 
ferent, for in nearly all Upper Carbon- 
iferous deposits from Kansas and Iowa, 
east to China, there occur certain com- 
mon genera of Lycopods and Calamites 
and a wide variety of fernlike foliage. 
Some of the latter we know belonged to 
true ferns, a few have proven to be Seed- 
fern fronds, and the affinities of a great 
many remain in question. 

The abundance of this fernlike foliage 
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that is found almost everywhere in the 
shales that overlie coal deposits of Penn- 
sylvanian age has led to numerous 
learned monographs. Unfortunately 
much of it is sterile, offering no recogniz- 
able clues as to its natural relationships. 
A suggestion began to grow in the minds 
of paleobotanists during the latter part 
of the eighteenth century that these ap- 
parent ferns may have borne seeds. The 
evidence, however, was not forthcoming 
until about 40 years ago, and in more re- 
cent decades a number of these “ferns” 
have been found to be Seed-ferns, pre- 
senting a multitude of distinctive char- 
acters, especially in the anatomy of their 
seeds and stems. 

In the Iowa coal balls we have found 
a number of new and unique Seed-ferns, 
as well as specimens the same as, or 
closely related to, previously described 
European species. Of particular inter- 
est is the genus Medullosa, distinguished 
by having more than one woody cylin- 
der, or “stele,” composing the centra] 
part of the stem. And like the Lepido- 
dendrons their wood-producing ability 
was not sufficient to support a great 
weight. In lieu of this the outer cortex 
developed a stout layer of tissue com- 
posed of anastomosing, vei'tically aligned 
strands of fibrous cells. The seeds of 
these plants are similar in certain re- 
spects to those of modern cycads, having 
a well-developed pollen chamber near 
the apex of the seed, in which the pollen 
grains apparently germinated and pro- 
duced their male sex cells (Fig. 6). 



FIG. 6. A FOSSIL SEED 

IN' THIS LONGITUDINAL SECTION NOTICE THE POL- 
LEN IN THE TOP CHAMBER. MAGNIFIED 25 TIMES. 


These calcareous concretions have 

been known for nearly a century from iu coal balls, and his work was carried 
the coal fields of northern England, on by the late D. H. Scott, to whom we 
The earliest authors who gave a clear are indebted for a rich series of contri- 
account of the petrified plants found but ions on Paleozoic botany as well as 
within them were Joseph D. Hooker and an encyclopedic, yet very readable, text 
E. W. Binney in 1854. Later in the on the anatomy of fossil plants. In more 
century the works of W. 0. Williamson recent years these petrifactions have 
began to reveal the extent of the prolific been found in the Dutch, Belgian, and 
treasure of ancient plant life contained Bnssian coal fields. 
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In this country coal balls were discov- 
ered in a mine near Des Moines, la., as 
long ago as 1894. They apparently were 
not then brought to the attention of 
paleobotanists and consequently re- 
mained as dormant as before until years 
later. About 25 years ago the late A. 
C. Noe, of the University of Chicago, 
initiated the first productive interest in 
coal balls in America through their dis- 
covery in open-pit mines through central 
and southern Illinois. They have since 


turned up in a number of adjacent 
states, including Indiana, Kentucky, and 
Kansas, but the better preserved and 
largest collections to date have been ob- 
tained from Iowa and Illinois. We still 
lag considerably behind the great con- 
tributions of the British paleobotanists. 
There is now, however, a great deal of 
active interest in these American de- 
posits which have already yielded such 
an abundance of beautifully preserved 
plants of the past. 


THE SECOND LAW OF THERMODYNAMICS 

A mountain range worn down may rise again, 

Rivers and winds reverse their wonted flow, 

Seas surge and sink, the glaciers come and go, 

The distant mighty Cepheids wax and wane; 

All these are local transitory show 

To which the transient mind so fondly clings, 

But entropy and time are endless things. 

Immutable and changeless is their flmv. 

The Law predicts a dismal final state 
The doom, of this bright universe of ours, 

Slowly downhill it drifts to meet its fate. 

Reprieve nor hope is found in all its powers, 

Darkness and death for all things surely wait 
When chamge shall cease and no star mar/fs the hours. 

Thomson King 



LEONARDO DID IT FIRST 


By HARVEY N. DAVIS 

PRESIDENT^ STEVENS INSTITUTE OP TECHNOLOGY 


Leonardo did it first’’ is a phrase 
familiar to scientists in many fields. 
Few of them may realize, however, that 
an interesting and comprehensive collec- 
tion of Vinciana is assembled at Stevens 
Institute of Technology, where it is 
available for reference to scientists and 
scholars everywhere. 

The Lieb Memorial Collection consists 
of about 2,400 items, including a com- 
plete set of the Leonardo manuscripts in 
facsimile. The few originals, of course, 
are preserved in the great museums of 
the world. Many of the facsimiles, is- 
sued in limited editions, have been long 
out of print and are almost unobtain- 
able. In addition, an attempt has been 
made to secure every worth-while book 
or pamphlet on Leonardo in every lan- 
guage. This is a ‘‘scholar’s collection, 
made by a scholar,” accessible to all 
those interested in investigating the life, 
mind, and work of Leonardo da Vinci. 

John W. Lieb, alumnus and trustee of 
Stevens, never knew that his collection 
was to have a permanent home in his 
own Alma Mater. There is no doubt 
that he would have been gratified to 
have it so. He thought of the collection 
as a nucleus of the history of science and 
art and wrote, a short time before his 
death, “I am very anxious that the col- 
lection should find lodgment in some 
public institution where it could be 
studied by engineers, scientists, artists, 
and professional men.” 

Lieb graduated from Stevens in 1880 
and, after experimenting with the arc 
light in Cleveland for a year, became 
associated with Thomas A. Edison in 
1881. Edison sent him to Italy to install 
the first Edison central station in that 
country. Lieb’s assignment to Italy 


seems almost to have been predestined. 
In addition to doing a great job of engi- 
neering there himself, he was to redis- 
cover a much older engineer and to make 
it possible for students all over the world 
to become better acquainted with that 
many-sided genius. 

It was in 1890 that the Italian Edison 
Company, through Mr. Lieb, obtained a 
franchise from the Italian Government 
for the construction of a hydroelectric 
plant at Paderno on the Eiver Addo. 
It was necessary, under the terms of the 
concession, to assume in perpetuity the 
maintenance of the Martesana Canal. 
This canal was to serve as the intake for 
the hydroelectric plant while serving as 
part of the extensive canal and irriga- 
tion system covering the plains of Lom- 
bardy. 

When the bed of the canal was 
drained, it was found to be in perfect 
condition, and the locks at either end 
had been built in accordance with the 
best modern practice in hydraulic engi- 
neering. An examination showed that 
the original of these locks, identical with 
those then in use, had been built about 
the year 1500. The designer of these 
original locks was Leonardo da Vinci, 
who probably also laid out the plans for 
the canal itself. Amazed by the perfec- 
tion of the system, Lieb devoted all his 
spare time to further research on da 
Vinci. In a. remarkable way, he relived 
the life of his famous predecessor. 

The result of his labors is the collec- 
tion at Stevens. The Lieb Memorial con- 
sists of two research rooms and an exhi- 
bition room housed in the Stevens Li- 
brary building, a square, brick, ivy-clad 
edifice erected in 1918, with a dignified 
inscription in stone, “The Lieb Me- 
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morial/’ on the west door. The collec- 
tion was purchased two years after 
Lieb’s death and presented to the college 
in 1932 on a day fittingly chosen because 
it was the birthday of his lifelong asso- 
ciate, Thomas A. Edison — February 11. 
Fireproof rooms for the collection were 
provided by a fund raised by the late 
William S. Barstow, long a trustee of 
Stevens, and president of the Thomas 
Alva Edison Association. Besides the 
Leonardo collection the rooms house a 
historical collection of some 9,000 Stev- 
ens papers and a reference library on 
the work of Frederick W. Taylor (Stev- 
ens '83), originator of scientific manage- 
ment. 

Although three rooms constitute the 
Lieb Memorial, one is dedicated prin- 
cipally to a library containing Lieb's 
collection of Vinciana. It is a small 
book-lined room, with filing cabinets at 
one end and a large desk in the middle. 
One-fourth of the collection pertaining 
to Leonardo constitutes the scientific 
material, which is concentrated at one 
end. The shelves are lined with books 
in English, French, German, and Italian. 
The famous ^^facsimilae" are bound in 
appropriate bindings and are large and 
impressive volumes. Eeproductions of 
Leonardo's famous Noie Books are kept 
in ivory-colored oversized folios, next to 
the maroon leather-covered Codex At- 
lantico. 

In the large glass exhibition case in 
the middle room are some typical fac- 
similes of Leonardo 's drawings in detail. 
There are a few choice reproductions of 
his paintings on the walls of the library 
room, including the famous self-portrait 
done in crayon. 

In charge of the collection, as well as 
of the library proper, is Enid May Haw- 
kins, who came to the college thirty-eight 
years ago as librarian, and who has had 
an influential part in the growth of the 
library and of its special treasures. 

The entire collection is heavily in- 


sured, since it can never be replaced or 
duplicated. Many of the European 
houses that published the works w^ent 
out of existence after the war began. 

The oldest book of the collection, in its 
original binding of ivory-colored vellum, 
is the Divina Proportione by Paciolo 
Luca, published during the life of Leo- 
nardo and illustrated by him. A half- 
dozen scrapbooks containing clippings 
and magazine articles about Leonardo 
are kept in the files. The whole collec- 
tion has been ably catalogued by Mau- 
reen Cobb Mabbott, a well-known Leo- 
nardo scholar, who says that this is 
probably the only collection of Vinciana 
made by an engineer with emphasis on 
Leonardo’s mechanical genius. 

He was ardently interested in every 
branch of theoretical or applied science 
in which any beginning had been made 
in his age (1452-1519) as well as in 
those in which he was the pioneer. He 
was full of new ideas concerning both 
the laws and applications of mechanical 
forces. 

Only recently has the work which 
Leonardo did as a pioneer of physiolog- 
ical anatomy been appreciated. Copies 
of his anatomical sketches in splendid 
facsimile reproductions are to be found 
in the collection at Stevens. These con- 
sist not only of his beautiful and ac- 
curate drawings of the human figure, 
but also detailed studies of the internal 
structures : heart, lungs, and respiratory 
system. 

Leonardo left over 6,000 pages of 
manuscript, almost all of it in mirror- 
writing," each sheet covered with 
sketches. The small details of his work 
are fascinating to the engineer. For in- 
stance, he made a complete study of 
mills — ^arrangements for all sorts of 
power ; wind, water, horse, mule, cranks, 
and various pumps. His drawings, no 
matter how technical, show that he was 
primarily an artist. They are often ac- 
companied by minute drawings of hu- 
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man beings, so real and anatomically 
perfect that they could serve as models 
in any drawing class. 

To the scientist, however, his genius 
for mechanical invention is most impor- 
tant, and because of our recent concern 
with the instruments of war, it may be 
particularly interesting to recall his ven- 
tures in that field. At the age of thirty, 
Leonardo wrote a letter to the Duke of 
Milan, applying for work. He said, in 
part: 

I can construct bridges wMeh are very ligbt, 
strong, and very portable, with which to pursue 
and defeat the enemy, [This would certainly 
suggest the Bailey Bridge, of recent use.] 

In case of siege I can cut off water from the 
trenches and make sealing ladders and other 
similar contrivances. 

I can also make a kind of cannon which is 
light and easy of transport, with which to hurl 
small stones like hail. . . . 

I can noiselessly construct subterranean pas- 
sages, either straight or winding, passing if 
necessary underneath trenches or a river. 

In times of peace I believe that I can give 
you as complete satisfaction as anyone else in 
the construction of buildings, both public and 
private, and in conducting water from one place 
to another. 

Needless to say, he got the job 1 And 
kept it for sixteen years ! 

That Leonardo knew the principle of 
the submarine is evident in other notes. 
He contemplated an invention * ‘ to smash 
ships in the keel and sink their crews’^ 
and mentioned the existence of a ma- 
chine by which many people could stay 
some time under water. Recently, when 
the moral issue relating to the use of 
the atomic bomb was raised, it was re- 
called that Leonardo had said, in respect 
to the submarine, that he would not ‘‘de- 
scribe the method of it because the evil 


nature of man is such that it would be 
used as a means of destruction, namely, 
by assassinations at the bottom of the 
sea.’’ 

In spite of his many explorations into 
almost every conceivable field, Leonardo 
was haunted all his life by one great 
idea — ^the theory and practice of flight. 
“The Great Bird,” he said, “will fly.” 
His Treatise on Birds, one of the sources 
in the Stevens Library, has been an end- 
lessly rewarding book to students of 
aviation. 

Ivor B. Hart, in his Mechanical Inves- 
tigations on Leonardo da Vinci, says: 
“Although he owed nothing to his con- 
temporaries or those who lived before 
his day, careful studies of his manu- 
scripts make it clear that Leonardo was 
not only a pioneer of flight, but the first 
pioneer.” He also understood the 
theory of balloon flight but, as Hart 
says, “In the balloon there is neither 
life nor control. ” In “ The Great Bird ’ ’ 
of Leonardo’s imagination there were 
both. 

According to the same authority, Leo- 
nardo may well be credited with the first 
helicopter, and certainly with the first 
parachute. In Leonardo’s own words, 
“If a man carry a dome of starched 
material eighteen feet wide and eighteen 
feet long he will be able to throw himself 
from any great height without fear of 
danger.” 

These are typical of what a student 
may uncover in the library at Stevens. 
What is more significant, he may learn 
that Leonardo’s discoveries or inventions 
were always based on the scientific ap- 
proach. 



THE SUN MAKES THE WEATHER 

II. WEATHER EFFECTS OF SOLAR VARIATION* 

By C. G. ABBOT 

RESEARCH ASSOCIATE, SMITHSONIAH INSTITUTION 

Everybody wlio undertakes to play -2.48 inches of precipitation fell. The 
with long programs of observing, seek- normal for February is 3.37 inches. So 
ing to know the effect of some supposed the precentage of normal in February 
cause, likes to clear away from the fig- 1944 was 74. 

ures he is using the effects of all well- Of the nearly 500 cases of short-inter- 
known causes. Then his own supposed val changes of the sun’s heat noted prior 
cause will have the field to itself. I to the year 1940, about half were cases 
therefore wish to clear the reports of of rise and the other half of fall. They 
temperatures I am about to use from usually lasted about 3 days, and their 
the effect of night and day, and from average range was about 0.75 percent, 
the effect of summer and winter, before As their effects would almost surely be 
looking for the effects on temperature of different for different times of the year, 
the variation of the sun. Fortunately, I examined the temperature effects of 
the Weather Bureau has done this for these solar fluctuations in groups sepa- 
me, for it publishes daily the average rately, month by month. In January 
temperature for each 24 hours. That of the years 1924 to 1939, I found 21 
clears out the night-and-day effect. It eases of rising, and 14 cases of falling, 
has also computed, from the daily rec- solar heat intensity. Corresponding to 
ords of about 75 years, the expected each rising case I wrote in a line the 20 
normal temperature of each station for Weather Bureau temperature departures 
each day of the year. For example, at for Washington, beginning 5 days before 
Washington, on Washington’s Birth- the sun’s heat began to rise and continu- 
day, the normal average temperature ing to 14 days thereafter. In this way I 
is 36° P. On February 22, 1944, the soon had a table of 21 lines with 20 col- 
actual average temperature was 44°. umns of temperatures. I then took the 
The difference was 8°. This +8° the average of each column. I did simi- 
Weather Bureau calls the “departure larly for the 14 falling eases, 
from normal temperature” for that Most readers are familiar with the 
day. Every month it publishes all of curves that newspapers publish so often, 
these “departures” for the individual showing how stocks rise and fall, how 
days. It also publishes monthly average prices of all sorts of goods change, how 
departures. In February 1944 it was the population is meeting influences of 
+ 2.8°. As for precipitation, it pub- many kinds, and, in short, how a multi- 
lishes the amount of rain or snowfall tude of things vary with time. Since 
from midnight to midnight for each day. this method is so well known, I use it 
At the end of the month it publishes in Figure 1, to show results for the 
the total precipitation for that month months of January, February, and 
and the normal to be expected, from the March. We find that small solar changes 
average of records for that month for produce from 10° to 20° change in our 
about 75 years. Thus in February 1944, Washington temperatures. The tem- 
* Contimied from page 210 of preceding issue, perature changes for rising solar activ- 
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ity are opposite to those for falling activ- 
ity. The largest effects occur some 10 
days after the solar changes seem to 
begin. The effects last through about 
17 days, from 3 days lefore our mea- 
surements begin to show solar changes 
till 14 days a/tar. I do not know why 
the weather effects start before our mea- 
surements begin to show solar change, 
but we do not yet know all that happens 
in the sun. 

The other months give similar results, 
though they are not identical from 
month to month. All other stations 
behave as Washington does, except that 
the details of the effects differ from sta- 
tion to station. Similar details come a 
few days earlier at western stations, for 
w^eather, as we all know, drifts from 
west to east. 

Our scientific critics, who ^‘are from 
Missouri, have hitherto been reluctant 
to credit fully the day-to-day solar 
changes we have published. They praise 
the accuracy of our work, but doubt if 
it is accurate enough to show solar 
changes averaging only 0.75 percent, or 
even smaller. Hence I found it neces- 
sary to cite other people ^s observations 
of other solar phenomena in order to 
support these new and very important 
conclusions as to the weather effects of 
small day-to-day fluctuations of the 
sun’s activity. I have used two such 
sources, both of which confirm our re- 
sults as splendidly as one could wish. 

One of these concerns the chemical 
element calcium, which exists in a very 
rarefied gaseous form in cloudlike 
masses high up in the atmosphere of the 
sun. These calcium clouds, named ‘‘floc- 
culi” by the late Dr. George E. Hale, 
cannot be observed by telescope. They 
are revealed and photographed by an 
instrument called the ‘‘spectrohelio- 
graph,” which Hale invented. The 
monks of the J esuit solar observatory at 
Ebro have made such photographs, mea- 
sured the areas of the flocculi, and pub- 


lished the results since 1910 for every 
day on which observation could be made. 
I computed from their measurements the 
changes indicated by the area of the floc- 
culi and have used them as a measure 
of change in the sun’s activity. 

As another measure for changes in 
solar activity, I have used the measure- 
ments of the Carnegie Institution on 
ionization, made in Peru and Australia 
beginning in 1938. These were gra- 
ciously furnished to me from manuscript 
by Dr. John A. Fleming, Director of the 
Carnegie Department of Terrestrial 
Magnetism. Electric ions are unit elec- 
tric charges. They are shot out abun- 
dantly from sunspots and, traversing 
without hindrance the intervening space 
of 93,000,000 miles, they enter our at- 
mosphere, where they multiply by 
breaking up, or ^'ionizing,” the mole- 
cules of the gases of our upper air. 
They do not penetrate through the at- 
mosphere to the earth to any great 
extent, but form layers of ions high 
above us. These are called, after two 
famous scientists, the Kennelly-Heavi- 
side layers. It is these layers that reflect 
radio waves around the world. If they 
did not exist radio waves would go un- 
hindered into space, and we would get 
no long distance programs. 

The intensity of ionization in the prin- 
cipal ionic atmospheric layer, which 
scientists have named Fe, is measured 
every hour of every day at the two Car- 
negie observatories in Peru and Aus- 
tralia. During the night the values are 
small. As the sun comes up they greatly 
increase and remain high until sunset. 
I have taken averages of the values 
found in the daylight hours for every 
day available from 1938 to 1944. Fluc- 
tuations of my averages were at once 
apparent. They too, like the solar con- 
stant measurements and like the Ebro 
flocculi measurements, are in almost ex- 
actly the same relationship to the tem- 
perature departures at Washington 
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FIG-. 1. SOLAR CONSTANT SEQUENCES AND TEMPERATURE DEPARTURES 

AUTHOR WORKSHEET OF TEMPERATURE DEPARTURES IN WASHINGTON, D. C., DURING JANUARY, FEBRU- 
ARY, AND MARCH, SHOWING THAT RISING AND PALLING SOLAR ACTIVITY AFFECTS WASHINGTON TEM- 
PERATURES OPPOSITELY AND STRONGLY FOR MANY DAYS. THE UPPER CURVES REPRESENT MEAN TEM- 
PERATURE DEPARTURES ASSOCIATED WITH RISING SOLAR ACTIVITY ,* LOWER CURVES FOR FALLING ACTIVITY. 


already described. So our work on short- 
interval solar variation and weather 
is confirmed from two quite independent 
sources, involving other years, other 
methods, other observers, other coun- 
tries, and other phenomena. 

And now comes the most suggestive 
result of all. Since these temperature 
changes are of importance until at least 
14 days after the solar changes have 
been observed, there is in this new dis- 
covery ground to hope that certain 
weather features may be predicted for 
at least 10 days in advance. Ionization 
observations can be made on every day, 
rain or shine. Hence we must probably 
look to them for the groundwork of 
measurements on which to take this new 
important step in weather forecasting. 
I have, however, made a preliminary test 
of this new method, employing Smith- 
sonian solar constant basic curves, such 
as those of curves 1 and 2 of Figure 1, 
and using Ebro photographs of solar 
floeculi to yield the dates when solar 


changes occurred. In order that I might 
immediately test the forecasts, I used 
months in former years, when the actual 
Washington temperatures were already 
available for comparison with expecta- 
tion. 

In Figure 2 solar predictions of Wash- 
ington temperature departures for the 
months of September and October 1935, 
are shown by dotted lines, and the cor- 
responding actually observed tempera- 
ture departures by solid lines. The pre- 
diction was made by noting from Ebro 
floeculi records the dates when ups and 
downs in solar activity seemed to begin 
and translating them backwards 2 
days in each case to suit heat observa- 
tions. I then wrote down in several 
successive columns the marches of tem- 
perature each of these solar changes por- 
tended. By adding the values in these 
several successive columns, the total ex- 
pected temperature effect of all these 
solar changes was summed up. These 
results are plotted in the dotted line of 
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FIG. 2. PEEDICTION OF TEMPERATUEE DEPARTUEE8 IN WASHINGTON, D. C. 

THE DOTTED DINE REPRESENTS TEMPERATURES PREDICTED FOR TEN DAYS IN ADVANCE FROM SOLAR 
changes, the SOLID LINE SHOWS THE TEMPERATURES THAT WERE ACTUALLY OBSERVED IN 1935. 


Figure 2. It will be seen that the aver- 
age diflEerence between predicted and ob- 
served daily temperatures in this test 
prediction was but 4.9° F., and that the 
ups and downs of predicted and ob- 
served curves occurz’ed nearly always on 
the same day. The actually observed 
range, as expected, exceeded the pre- 
dicted range, for terrestrial influences 
were excluded from this purely solar 
prediction. Ordinary predictions for 
only 24 hours in advance are seldom 
more successful, either as regards the 


times of changes of temperature or the 
magnitudes of changes, than this long- 
range solar forecast. 

I have predicted similarly for several 
other intervals. A summary of results 
is given in Table 1. On the whole I 
believe the method gives great promise. 
It can probably be improved in the 
hands of meteorologists skilled in knowl- 
edge of terrestrial influences. It can 
also be improved by combining all the 
evidence available from Smithsonian, 
Carnegie, and Ebro sources, so as to 


TABLE 1 

General Summary of a Purely Solar Prediction of the Departures from Normal Tem- 
perature AT Washington, Covering- the Months March and April of 1911 
AND 1915, AND September and October of 1917 and 1935 


Total days predicted 
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Correlation coefficient 56.9 + 3.2 percent. 
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yield all the dates when solar changes 
appear to have occurred in the years 
from 1910 to 1944. For then the basic 
curves for any desired station will rest 
on many times more cases than those 
combined in the Smithsonian curves 
alone. 

If the method comes to be officially 
used and is based on ionization measures, 
the combined results of some half-dozen 
observatories will be available. Combin- 
ing these will eliminate spurious appar- 
ent dates of solar changes and will thus 
promote accuracy of prediction. I 
greatly hope that in this way excellent 
temperature forecasts for 10 days in 
advance may soon be made possible for 
many stations in the world. 

Is this method also available for baro- 
metric pressure and precipitation? I 
have already made some studies of solar 
changes as related to barometric pres- 
sure and find the relationships are, as 
might be supposed, not so close as in 
the case of temperature. However, it 
seems that forecasts of barometric pres- 
sure may be of considerable value. As 
regards precipitation, the prospect for 
10-day predictions is more doubtful. A 
combination of forecasts of temperature 
and barometric pressure might indeed 
give some grounds for a prediction of 
precipitation, but I should hardly antici- 
pate a high average of success. Doubt- 
less it will be found, when more exten- 
sive studies have gone forward, that the 
solar influence is more potent at some 
stations than at others. Some stations, 
indeed, may be found to be so strongly 
influenced by unpredictable terrestrial 
influences, that solar predictions at these 
stations will have little value. 

Monthly averages of solar constant 
measurements, while apparently fluctu- 
ating in a perfectly haphazard way, 
really follow the pattern produced by 
the combination of 16 regular periods 
of different lengths, operating simul- 


taneously. These periods, ranging from 
to 273 months, are all close to being 
integral fractions of 273 months, which, 
besides, is close to being double the 
length of the famous sunspot cycle of 
lli^ years. If these periodic solar 
changes are of importance in weather, 
we should therefore expect that the prin- 
cipal details of weather changes, reck- 
oned as departures from the normal,'’ 
would tend to repeat themselves at in- 
tervals of nearly 23 years. For at the 
conclusion of this master period all the 
solar changes would begin to repeat in 
approximately the same order as at its 
beginning. There are one or two reser- 
vations I have made to this statement 
in my more technical publications, but 
by and large it is true. 

I have in my office the records of de- 
partures from the normals in tempera- 
ture and precipitation for many stations 
in all parts of the world, arranged in 
cycles of 23 years. As the monthly 
values jump about too much to display 
plainly what one wishes to look for, I 
have used 5-month smoothed running 
means of the monthly values of depar- 
tures. Thus for Washington in 1944 
the monthly departures from normal 
temperature in the months January to 
May were as follows: 

Jan. Feb. Mar. Apr. May 

+ 4.0 + 2.8 + 0.4 + 0.5 + 7.9 

Their algebraic sum is +15.6°. Divid- 
ing by 5, I get, as the 5-month smoothed 
running mean for March 1944, the de- 
parture + 3.3°. Similar procedure is 
followed for all other months. 

When I compare the smoothed de- 
partures in successive cycles of 23 
years each, I find for many stations a 
considerable similarity of principal fea- 
tures. I have reduced this circumstance 
to a rough-and-ready rule-of-thumb 
method of forecasting. I use it for 
months and even years in advance. My 
rule is this: As the master cycle is a 
little less than 23 years, I add alge- 
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braically the smoothed, departure from 
normal of April, 46 years ago, to that 
of February, 23 years ago. Dividing 
by 2, I use the algebraic half as the de- 
parture for January this year, and so 
on for other months. I will give two 
illustrations of the degree of success 
sometimes attained by this rough 
method of forecasting. 

Several years ago an army engineer, 
in charge of some work in the Tennessee 
Valley Authority, asked me to predict 
for him the percentage of normal pre- 
cipitation to be expected in that area 
for the 3 months, November, December, 
and January. I warned him not to de- 
pend on my forecast too much, chose 
10 stations to represent the area, and 
gave him for each one the forecasted 
precipitation according to the method 
above described- The average result 
for the 10 stations seemed to indicate 
between 84 and 87 percent of normal for 
the total precipitation of the 3 months. 
In February he informed me that it 
actually turned out to be 87 percent. 

From 1934 to 1940 I had a letter each 
winter from a farmer in South Dakota, 
living about 100 miles from Bismarck. 
In 1934 he drew a dark picture of the 
great drought and begged me to tell him 
what the prospects were. I based my 
replies on what had happened at Bis- 
marck 46 years earlier. I have found 
that for precipitation there is apt to be 
a greater similarity of events at inter- 
vals of 2 and 4 times the 23-year master 
cycle than in the 23-year intervals them- 
selves. Unfortunately records 92 years 
back are seldom available. I myself was 
really astonished, however, by the ap- 
proximate accuracy with which I fore- 
casted each year the precipitation for 
the year to follow in the Bismarck 
region. After 6 years of this, my cor- 
respondent wrote in 1940: ''For several 
years you have given us very accurate 
predictions of the season’s weather, so 
accurate that I am constrained to solicit 


from you like guidance this year in the 
crops we may expect. I have great faith 
in your predictions.” 

While this is very flattering, I must 
discourage other similar inquirers. The 
fact is that it does not turn out so per- 
fectly as this for every region. More 
compelling still, I have much important 
work in hand. If many farmers in the 
United States should apply to me, as 
they would be sure to do, and if I con- 
sented to answer their inquiries, I could 
not satisfy their demands even by giving 
up all the work I hope to finish in my 
few remaining years. 

There is a better, but far moi^e oner- 
ous, method for long-range solar fore- 
casting than this rough-and-ready pro- 
cedure I have described. Bach of the 
16 periods, integrally related to 273 
months, has a measurable effect on tem- 
perature and precipitation. In illustra- 
tion I may say that I have followed the 
effect of the 8|-month solar period on 
temperature at Copenhagen, Vienna, 
and New Haven from 1800 up to 1940 — 
140 years altogether. It appears that 
the sun must have varied perfectly regu- 
larly in this 8>i-m.onth period throughout 
all that long interval. For at these 3 
stations there was produced by this 
8-J-month solar period average tempera- 
ture ranges as follows : Copenhagen, 
2.35° ; Vienna, 2.02° ; New Haven, 1.30°. 
Some of the other solar periods are even 
more effective. If, however, they were 
only on equality with the 84-month 
period they could bring about a swing 
of more than 20° in temperature between 
dates when they all tended together to 
raise, and dates when they all tended 
together to depress the temperature. 

For several stations I have computed 
the average effect of each of the solar 
periods separately, by analysis of long 
temperature and precipitation records. 
Having thus determined their several 
effects, and the times when they sever- 
ally occur, I have added them algebra- 
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FIG-. 3. PEECIPITATION AT PEOEIA, ILL., 1930-1944 
PKEDICTED (DOTTED LINE) FOR FIFTEEN YEARS AND COMPARED WITH ACTUAL PRECIPITATION (SOLID 
LINE) DURING THAT PERIOD. THE VERTICAL SCALE GIVES PERCENTAGES OF NORMAL PRECIPITATION. 


ically and have made predictions for 
years therefrom. One example is given 
in Figure 3, On the records of per- 
centages of normal precipitation at 
Peoria, 111., for every month from 1856 
to 1929, inclusive, used as explained 
above in the form of 5-month running 
averages, I based a prediction for the 
years 1930 to 1944. In Figure 3 the 
solid line gives the actual event, as far 
as it was available when the graph was 
drawn. I feel pleased with the agree- 
ment between forecast and event for 
the years 1930 to 1937. A farmer who 
had the advantage of a forecast of this 
accuracy would know very well how to 
plan his crops. The general effect in 
1938 and 1939 indeed is not bad, but in 
1938 the features are not well predicted. 
The years 1939 and 1940 are again fairly 
satisfactory. Beyond that my predic- 
tion seems to get more and more in ad- 
vance of the event, though both predic- 
tion and event show similar general 
trends upward from 1940 to 1942. It 
was doubtless too ambitious to make a 
forecast for 15 years in advance. One 
would have to be surer of the true 
lengths of the longer solar periods than 
our data can as yet show. If a new 
forecast had been started with 1940, 


putting forecast and event in coincidence 
then, possibly the succeeding 8 years 
might yield as good a fit between fore- 
cast and event as the years 1930 to 1937 
did. I believe that these very long-range 
forecasts of temperature and precipita- 
tion from the periods of solar variation 
are well worth more investigation and 
in some localities will have great value. 
Such predictions, I regret to say, re- 
quire many days of computation in each 
case. 

In conclusion, I will draw attention 
to my earlier remark regarding the 
great depression of solar radiation in 
1922, which was expected to recur in 
1945, 23 years later. So very un- 
usual an event in the fluctuations of 
solar radiation is sure to be accompanied 
by unusual conditions of weather. From 
a paper I wrote in 1923 regarding it I 
quote the following extracts from 
Weather Bureau statements: 

Tlie record of December, 1922, shows un- 
usual contrasts as to the temperature and pre- 
cipitation in different parts of the country. . . . 

Like the preceding December, January 1923 
was notable for the disturbed atmospheric con- 
ditions. ... 

The outstanding feature of the weather . . . 
was the almost continuously high temperature 
. . . over much of the country. At the same 



348 


THE SCIENTIFIC MONTHLY 


time, however, severe winter weather was the 
rule over New England and much of New York. 

Precixdtation occurred with unusual fre- 
quency ... in northern districts Avest of the 
Continental Divide and from the Upper Lakes 
eastward. . . . 

The disturbed atmospheric conditions, so 
persistent during the first two months of the 
present winter, continued into February. . . . 
The pressure distribution for the month as a 
w'hole showed marked variations from the con- 
ditions usually expected in February. . . . 

The unseasonable warmth which had con- 
tinued during most of the tw'O preceding months 
of the winter save over the Northeastern States, 
terminated with the first few days of Febru- 
ary, and the remainder of the month was 
distinctly cold. . . . 

I wisli I had had sufficient computing- 
help to have analyzed and forecasted 
for various localities the weather impli- 
cations of the solar situation expected 
to recur in 1945 and 1946, but I have 
been unable to do so. I must therefore 
content myself with a number of quota- 
tions that prove that already very un- 
usual weather has occurred in various 
parts of the world. 

the United Press, Feb. 9, 194v: Eastern 
communities [of the United States] struggled 
from beneath new^ snowfalls today amid pre- 
dictions of the worst floods in years on the 
seacoast and in the Mid West ■when the drifts 
begin to tha"^v. 

At least two deaths wTre caused by the 
storm in New England, where transportation 
and communication was snarled. Boston 
streets W'ere barely passable. Hundreds of 
war w’orkers were stranded in Providence. 

New York City suburbs had one of the 
heaviest snowfalls of the winter. Eight to 
12 inches fell in eastern Massachusetts, Ehode 
Island, and Connecticut. 

Along New England’s coast northeast winds 
whistled at 55 to 65 miles an hour, reaching 
75 in gusts. 

Only light flurries hit northern and ‘western 
New York State, wiiere the railroads -were -win- 
ning their battle against snow' and ice. Freight 
was rolling freely out of Buffalo. 

Forecasters predicted an end to the storm 
today and a warm wnve tomorrow^ that may 
thaw the deep snow' and possibly flood ice- 
choked rivers throughout the Middle Atlantic 
area. 


The Hudson wns frozen to a depth of 24 
inches in many stretches and the Chenango and 
Susquehanna rivers threatened trouble in a 
thaw'. 

New York City has a sea of slush. The 
city ordered 7,052 street workers on the Job 
last night. LaGuardia Airport canceled 124 
flights yesterday and reported that this winter 
has been the wmrst for flying since the ter- 
minal was built. 

Disaster and relief agencies prepared for 
the W'orst flood year since 1936. The Coast 
Guard and Bed Cross kept flood relief equip- 
ment ready for instant use. 

Snows on the ground in the Ohio Valley, 
w^estern Pennsylvania and the Connecticu-t 
Eiver w'atershed are ^^much in excess” of the 
average for the last 20 years and snow cover- 
age in the ^ ^feeder” areas of those districts 
also is ^^considerably more” than during the 
severe floods of 1936, William E. Hiatt, Mid 
West engineer for the Chicago Weather Bu- 
reau, reported. 

Most serious threat W'as to Pittsburgh, where 
the Allegheny and Monongahela rivers con- 
verge to form the Ohio. The snowfall in that 
area has totaled 110 inches this winter wdth 
few thaws. 

Bi/ the Associated Press:' Canberra, Aus- 
tralia, Jan. 15, 1945. More than 2,000,000 
w'ool-produeing sheep have perished due to 
Australia’s worst drought since being settled 
by w'hites and the country’s most productive 
acres have been turned into huge dust- 
bowls. . . . 

Meat production, it is estimated, will fall 
off 10 percent; the wheat farmers’ incoxne 
wdll be reduced by at least $50,000,000, and 
W'ool producers will lose an estimated $45,000,- 
000 . . . . 

One of the gravest results will be that the 
United States forces in the Pacific will have 
to secure meat and flour from other sources, 
perhaps draining their home stocks. 

Other such reports of weather condi- 
tions that have not beeti matched for a 
quarter of a century have appeared fre- 
quently in the press within the past tivo 
years. I look forward to making an ex- 
tensive study in the immediate future of 
the variation of the sun and the changes 
of weather. I hope that results of a 
positive and easily verified nature may 
appear, so that a real contribution to 
meteorology may follow. 



SCIENCE AND SOCIETY 

By ERNEST CHERRINGTON, Jr. 


The abrupt conclusion of our war 
with Japan following closely the atomic 
blasting of Nagasaki has released a 
swirling torrent of opinion on the place 
of the scientist in society and his respon- 
sibilities thereto. A few critics have 
gone so far as to charge the atomic phys- 
icists with conspiracy to commit mass 
murder. Some men of science have re- 
torted that it is not their responsibility 
that the greatest discovery of modern 
times has been adapted to purposes of 
destruction. It is scarcely surprising 
that such charges and countercharges 
should be hurled about during the pres- 
ent period of social confusion and intel- 
lectual hysteria. A stunned civilization 
gropes falteringly for means of escape 
from the fetid pit in which it finds itself 
after six years of unrestrained warfare. 
Scapegoats are quickly singled out in 
times like these, but a dispassionate 
analysis of the position against science 
finds it devoid of logic or justice. It is 
a question of how far indirect respon- 
sibility for death is to be traced, even 
in times of peace. Are the manufac- 
turers of firearms guilty of murdering 
all who die by the gun? Are the hands 
of automobile designers stained with the 
blood of the 34,000 Americans killed each 
year by their machines? The victim of 
a traffic fatality is just as dead as the 
civilian blown to bits by a bomb dropped 
to destroy an enemy munitions plant, 
and the homicide is unintentional in 
both cases. 

A less extreme point of view has 
been expressed by sociologist Joseph 
Schneider writing in The Scientific 
Monthly (November 1945). He holds 
that the unparalleled magnitude of de- 
struction wrought by World War II 
is ‘‘of the scientist’s own making.” 


“There was a time,” he continues, 
“when men of mind expressed only con- 
tempt for the vainglorious show of poli- 
ties and war. But today the man of 
science has become a hireling, a will- 
ing subject in the service of the nation 
state ; an indefatigable combatant in the 
righteous cause of a finite warrior god.” 
It is implied that scientists have perpe- 
trated a heinous crime against society 
to atone for which it now behooves them 
to get busy on useful discoveries and 
satisfy “the simplest needs of men.” 
Professor Schneider is somewhat vague 
as to just whom he has charged with 
responsibility for creating the chaos un- 
der the accusation of being a scientist. 
If we adopt the broad definition of 
astronomer Harlow Shapley who writes 
that “we are nearly all scientists,” 
then perhaps the indictment is general 
enough to include the guilty. The term 
“scientist” might be stretched to em- 
brace those barons of international com- 
merce who have fattened on the exploita- 
tion of colonial peoples and the control 
of raw materials, together with their 
colleagues, the politicians, who have 
created artificial trade barriers and have 
legalized a most inequitable distribution 
of the natural resources of the earth. 
In fixing the blame for the ravages of 
war let us not vent our wrath on the 
men who helped repel and defeat our 
attackers. Let us rather seek out those 
who caused the economic and social in- 
justices that led to the slaughter. 

Since to most of us the word scientist 
connotes an erudite individual concen- 
trating on experiments in a secluded 
laboratory, let us now limit the term to 
include only those whose principal occu- 
pation is research or teaching in one of 
the branches of natural science. 
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Tte scientist too lias raised his voice 
from time to time in regard to his posi- 
tion in the war effort. The declining 
Ph.D. rate of the past five years has 
been viewed with alarm, and the dire 
consequences of the present scarcity of 
technical specialists have been empha- 
sized and re-emphasized. The induction 
of young scientists into the armed forces 
has been decried as shortsighted nation- 
alistic planning. The implication has 
been that all those who enjoy the privi- 
lege of postgraduate scientific study are 
to become the future benefactors of man- 
kind, and that they should, therefore, 
have been exempted from the draft. If 
the argument is valid, its application is 
broad. It should likewise have applied 
to those young men who were preparing 
for careers in education, literature, art, 
law, public administration, agriculture, 
industrial management — in short, any 
calling which in some way serves the 
needs of humanity. If it be granted 
that any one group of young men should 
be exempted from military service on 
grounds of exceptional value to society, 
the logical conclusion of such reasoning 
is that only the unintelligent and those 
who have been denied the opportunity 
of specialized education should be called 
upon to fight for our country in the hour 
of attack. In other words, those who are 
likely to benefit least from the American 
way of life should be detailed to defend 
it for the rest of us. Such a policy of 
selective service would be not only the 
antithesis of the democratic principle ; it 
would be suicidal as a means of national 
security. 

A great many scientists of varying 
ages and degrees of proficiency have de- 
voted the past few years to war research 
under the direction of the Office of Sci- 
entific Eeseareh and Development. Al- 
most aU of these men and women have 
undertaken such work with the sincere 
desire to aid their country to the best of 
their ability in its time of need. A few 


were lured from the paths of pure sci- 
ence by the enticement of higher salary, 
and a few hurried into war research 
with the local draft board in close pur- 
suit. But regardless of which entrance 
they used, once inside they have worked 
hard and have done a splendid job. 
Had the scientists of America resolved 
to hold themselves aloof from the revolt- 
ing butchery of modern warfare, a 
course of action indicated by Professor 
Schneider as appropriate for ^‘men of 
mind,’’ one can only guess how many 
years longer World War II would have 
dragged on and how many hundreds of 
thousands of additional American lives 
it would have consumed. In that even- 
tuality, how would the scientist’s crime 
of omission have compared with his 
present alleged crime of commission? 

The overwhelming majority of pro- 
fessional men have served our nation 
during the years of war emergency 
either as civilians or as members of the 
armed forces with no more complaint 
than is heard from the average soldier 
regarding his lot. However, attention 
to war research at the expense of the 
normal pursuit of pure science has been 
to a few scientists a cross they have 
borne noisily. Several articles have ap- 
peared in recent months lamenting the 
wasted years of brilliant specialists 
forced to develop military gadgets when 
they might have used their time and 
talent to discover new principles in the 
realm of abstract investigation. The 
situation is indeed regrettable, but, after 
all, who has not found his life and his 
purpose adversely affected by the war? 

The scientist has usually been well- 
paid for his military investigations. He 
has usually worked in comfortable lab- 
oratories where every facility has been 
provided. He has usually been able to 
spend his spare time each day in the 
company of his family. Consider by 
comparison the young men of the armed 
forces snatched from their homes, torn 
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from new enterprises well begun, and 
shipped overseas to fight, to suffer, and 
often to die in a hideous maelstrom of 
destruction, separated by thousands of 
miles and years of time from their loved 
ones. Has the scientist been asked to 
make too great a sacrifice at a time when 
our nation faced disaster ? Even one of 
the exponents of the ‘^wasted-years’’ 
hypothesis grudgingly concedes that not 
quite all the work in the laboratory dur- 
ing the past five years has been funda- 
mentally useless. Physicist I. I. Eabi, 
writing in the Atlantic Monthly, admits 
that ‘ ‘ our advance in pure science, when 
we get back to it, may be greatly acceler- 
ated by the use of new techniques devel- 
oped during the war, if,” he adds gloom- 
ily, “those whose business it is to supply 
the funds will stand the expense and not 
insist upon calling the tune.” 

When the heat has gone out of the 
argument, and the smoke of the salvos 
has drifted away, probably it will be 
agreed that the role of the scientist in 
World War II has made of him neither 
a criminal nor a martyr. He had a job 
to do and he did it well. Never before 
in its history has science mustered so 
large an army of research experts dedi- 
cated to the satisfaction of the immedi- 
ate, practical need of humanity. Kadar, 
the variable timing fuse, the terrible 
atomic bomb, and thousands of other less 
spectacular devices were developed by 
our scientists and used with great effect 
by our armed forces to drive back and 
defeat a treacherous, fanatical, and in- 
human enemy whose sworn purpose was 
the obliteration of the democratic way 
of life. With such a magnificent record 
of service to humanity just completed, 
why is it that certain intellectual and 
spiritual leaders rise to denounce the 
scientist in bitter terms f Why, also, do 
some men of science feel that they have 
wasted their time! Is humanity un- 
grateful toward those who have contrib- 
uted so liberally to her salvation! Do 


the latter question the value of saving 
the former ? Such questions lead us be- 
low the surface issues to an unwholesome 
situation that has developed gradually 
over a long period of time. The sensa- 
tional and violent events of World War 
II have not created the condition but 
only accentuated it. The fact of the 
matter is that there exists today a broad 
chasm between the professional scientist 
on the one hand and his fellow-men on 
the other. Long before the war began 
this chasm had widened to the stage of 
misunderstanding. During the chaotic 
years of war its jagged edges have re- 
ceded to embrace both distrust and fear. 

Just as the Grand Canyon of the Colo- 
rado River may be traced upstream to 
a small crevice high in the Rocky Moun- 
tains, the present yawning abyss between 
science and society may be traced back 
through years of progress to a tiny fis- 
sure. That fissure is marked by the 
concept of atomic structure. So long as 
the atom remained but an infinitesimal 
billiard ball, chemistry, physics, and 
astronomy were studies any intelligent 
person could explore thoroughly and 
understand with a reasonable amount 
of intellectual effort, either as a student 
in the classroom or as an amateur 
scholar in his hours of leisure. The 
entire accumulation of knowledge could 
be treated adequately in a small vol- 
ume for each subject. Scientists had 
time to write such books, and laymen 
had time to read them. With the 
breakdown of the atom, the scientist 
parted company with his fellow-men. 
Since then he has pursued a lonely 
course farther and farther into the 
realm of abstraction on the other side 
of the widening canyon. His life has 
become so filled with technicalities that 
he has scarcely had time to be a human 
being. The paths of investigation 
opened up have been limitless, and an 
ever increasing number of technicians 
have joined the chase, each pressing on 
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breathlessly lest Ms colleagues beat him 
to the nebulous treasures of knowledge 
that lie somewhere ahead, Bach has 
had to devote six, eight, or more years 
of his life to intensive specialized study 
in order to skim over the important dis- 
coveries and the endless minutiae which 
have already been added to the total of 
information in his special branch of a 
general division of the science he has 
chosen. Having at last reached the 
frontier, he plunges into the underbrush 
and loses thereafter all contact with 
society. 

Almost every intelligent, civilized 
person has an inherent interest in things 
scientific. This desire for knowledge of 
how things work has brought him again 
and again to the scientist requesting in- 
struction. It had become all too common 
in the years preceding the war for the 
scientist rudely to brush aside such re- 
quests with the excuse that he was too 
busy to explain the matter or that the 
subject was too technical to be under- 
stood by the nonspecialist. Thus science 
has turned away from mankind and has 
forged upward, building a vast Tower 
of Babel in the shape of an inverted 
pyramid, the main entrance of which 
was marked years ago with a conspicu- 
ous sign ‘‘For Members Only.” Prom 
its small foundation consisting of the 
subatomic concept, the strange structure 
has towered aloft into the clouds them- 
selves, from which its high priests have 
recently cast down the thunderbolt of 
subatomic energy. Is it surprising, 
then, that intelligent members of society, 
forced to remain in ignorance of what 
has gone on in the awfM temple of sci- 
ence, have risen to demand that the scien- 
tist give an accounting of what he has 
done and of what he proposes to do 
about the terrible forces he has un- 
leashed f 

Some will assert that this picture is 
unfair. Reference wiU be made to the 


books, the magazine articles, and the 
popular lectures on scientific subjects 
that have been presented continuously 
and in large numbers during the years 
of peace. True, there has been consid- 
erable popularization of science, but who 
has performed it and of what has it con- 
sisted? In answer to the first question, 
it will be found that almost all of the 
material released for public consumption 
has been prepared by interpreters who 
belong to one of two groups: first, the 
outstanding scientists who fully recog- 
nize their responsibility to society ; and, 
second, the science news writers, whose 
profession it is to storm the walls of 
the citadel and bring out to the public 
descriptions of what they have seen in- 
side. As to the content of the reports 
to the layman, a great deal of it has been 
old, pre-atom stuff. The intelligent non- 
specialist has been patronized and given 
only what it was thought he could un- 
derstand. Let the skeptical reader ask 
himself how many scientists of his own 
acquaintance devote even a small por- 
tion of their time to reporting the prog- 
ress of their current research to their 
fellow-men. 

Most of the leaders of science today 
are doing their best to remedy this evil, 
but unfortunately their number is small 
compared with the rank and file of pro- 
fessional scientists. Far too many of 
the latter live out their lives at public 
expense and contribute little or nothing 
to the welfare or intellectual develop- 
ment of society. These individuals rec- 
ognize, perhaps unconsciously, that they 
are little better than parasites on the 
human race and, refusing to admit the 
fact even to themselves, they subcon- 
sciously set up a defense mechanism 
consisting of an attitude of superior- 
ity. As intellectual snobs they retire 
permanently to ivory laboratories and 
observatories where they continue their 
investigations of minutiae, emerging 
only occasionally to flay for their nig- 
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gardliness those on whose gratuities they 
exist. Of course they report the results 
of their research, but all their papers 
are written in equations and technical 
jargon. They publish exclusively in 
professional journals, which reach only 
their fellow-specialists and the shelves 
of the larger libraries. It often happens 
that much of such a publication consists 
of material previously printed in foreign 
journals or even more obscure periodi- 
cals — old data regrouped and rehashed 
with just enough new measurements 
added to change the conclusions of the 
original writer. Among these gentlemen 
of the self-appointed intellectual hier- 
archy there are two schools of thought 
as to what constitutes the highest evi- 
dence of scholarship. One contends that 
it is the number of titles on his list of 
published papers while the other argues 
that it is the total number of printed 
pages that really counts. 

Let it be reiterated that the above de- 
scription is not intended to be a carica- 
ture of all scientists or even of the 
typical scientist. Nevertheless it applies 
to an important minority of the class — 
important not so much for their number 
as for the damage the cause of science 
suffers at their hands. It was perhaps 
not Confucius who said that one dead 
horse may command greater public at- 
tention than thirteen live ones, but the 
illustration is apropos. 

It has never been the custom of society 
to support a privileged class of individ- 
uals from which it receives little or noth- 
ing in return when that galling course 
of action could be avoided. During the 
past two centuries the people of the 
civilized nations have eliminated one 
such class after another. Does the pro- 
fessional scientist face the possibility of 
a similar fate as a result of the antisocial 
attitude of a group of his colleagues? 
Perhaps not, but the seriousness of the 
situation merits the deep concern of the 
more responsible members of the profes- 


sion. ‘‘If those whose business it is to 
furnish the funds will stand the expense 
and not insist upon calling the tune’’ — 
that phrase frankly expresses the feel- 
ing of many scientists toward their 
patrons. Why is it someone ^s business 
to furnish the funds regardless of value 
received? We live today in a hard, 
business world, and if the man on the 
street ceases to produce either articles 
or services that society can use, he soon 
finds himself without income. Why 
should the scientist be an exception to 
this rule? Spoiled by the apparently 
limitless funds the federal government 
poured out for war research, many 
scientists will return to their former 
positions with demands for new facili- 
ties far in excess of any they dared hope 
for in years before the war. Research 
foundations both large and small will 
probably call upon their sponsors for 
increased appropriations at a time when 
the enthusiasm of society for scientific 
investigation seems to have reached its 
lowest ebb. The outcome looks rather 
obvious unless the scientist takes steps 
at once to regain the respect and confi.- 
dence of his fellow-men. 

Professor Eabi argues vigorously that 
science can advance only when research 
is carried out on a high plane of pure 
theory and experimentation with no 
thought of deriving results of practical 
value to humanity. One certainly need 
not search far to find numerous out- 
standing contradictions to such a view. 
Was not the foundation of chemistry 
laid by the ancient alchemists whose 
motives were the highly practical ones 
of making gold from cheaper metals and 
of discovering the elixir of life? A 
number of the fundamental laws of as- 
tronomy were discovered by medieval 
observers who were seeking astrological 
relationships which they thought would 
enable them to forecast the future — a 
most practical, if futile, purpose. Even 
today the pure-motive hypothesis is 
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questionable. An analysis of the cur- 
rent technical literature of chemistry 
and physics will show that a great many 
important principles and fundamental 
relationships have been discovered by 
scientists working in industrial labora- 
tories who began with general practical 
ends in mind and who climaxed their 
investigations with the development of 
new and valuable industrial materials 
and commercial devices. It is certainly 
not my contention that scientists must 
invent practical gadgets in order to 
benefit mankind. The point to be made 
is that science should be able to live and 
flourish outside the artificial atmosphere 
of unlimited financial resources and un- 
limited social irresponsibility. If genius 
is so nearly dead that it can exist only in 
an oxygen tent, we can scarcely expect 
to postpone the funeral much longer. 

There are two ways in which the pro- 
fessional scientist can serve humanity. 
The first method is by the development 
of “better things for better living.” 
The second method is by contributing to 
the education of society as a whole in 
order that the lives of men may be en- 
riched through understanding of an 
appreciation for the physical universe 
and all it contains; — ^from stellar galaxies 
down to subatomic configurations. Path 
number one, the focus of the present 
controversy, has been discussed suffi- 
ciently. The second path may be pur- 
sued either by enthusiastic teaching in 
an educational institution or by popular 
writing and public lecturing on current 
research. The scientist who refuses to 
follow one or the other course of action 
is unworthy of his salt. 

It is time that each man of science sat 
down at his desk and examined the book 
of Ms account with society. The debit 
side of Ihe ledger will be crowded with 
entries. There he will find everything 
he knows — ^the entire cost of his general 
and specialized education — aU. he has 
learned from the experience of the past 


and everything he has discovered in his 
own investigations. There he will also 
find his position in the community, his 
home, every comfort he enjoys, every- 
thing he owns, and every facility to 
which he has access. But what about 
the credit side of the ledger ? If a 
teacher, does he make an honest effort to 
disseminate effectively his knowledge 
among his fellow-men, or does he regard 
teaching as an odious task necessary to 
secure his pay check? Does he report 
his researches to the public in under- 
standable language, or does he write ex- 
clusively for technical journals of small 
circulation and lecture only before meet- 
ings of his professional society? Does 
he graciously admit interested laymen to 
his place of research, or does he keep 
the door locked in order not to be both- 
ered? Does he try to explain what goes 
on at the frontier of his science, or does 
he save himself the trouble by assuming 
that the average man is too stupid to 
understand such matters? Does he im- 
provise and use to the utmost the research 
facilities available to him, or does he 
sulk in inactivity complaining that his 
apparatus is antiquated and useless ? 
When he needs new equipment does he 
go out and really sell his program, or 
does he curtly demand that “those whose 
business it is to supply the funds” do 
their duty ? Is his research enlightening 
and inspiring, or has it degenerated into 
the humdrum process of assembling, sort- 
ing, and cataloguing minutiae ? 

It is through frank answers to ques- 
tions such as these that the scientist may 
trace the origin of the storm of public 
criticism that swirls about his laboratory 
today. Let him heed well the fact that 
the storm is of his own brewing. Let 
him revise his program better to meet 
the needs of the postwar world. Let him 
do so at once before a disillusioned so- 
ciety decides the matter for him and 
again demands that science take a holi- 
day — this time a long one. 



THE STRANGE TRINITY CALLED MAN 

By A. BOYAJIAN 


That human nature is a highly com- 
plex mixture of good and bad is a very 
old story, but that it is a trinity — a gen- 
uine three-persons-in-one trinity — is a 
discovery of psychoanalysis. 

The fundamental difference between 
conventional psychology and psycho- 
analysis is this: while the former has 
always concerned itself with the con- 
sciousness, the latter has recognized that 
human personality is like an iceberg. A 
small portion of it is exposed to view 
above the surface, in the conscious mind ; 
the bulk of it is concealed from view be- 
low the surface, in the subconscious, or 
in the depths of the unconscious. All 
strange behavior, even insane behavior, 
becomes explicable when its motivation 
is traced into these lower levels. The 
differentiation of the three partners in 
the trinity is visible enough above the 
surface of consciousness after it is 
pointed out, but it is particularly con- 
spicuous at levels below the surface of 
the consciousness when these depths are 
probed by psychoanalytic methods. 

The so-called ^'unconscious” is not 
unconscious by any means; it is not a 
blind machine. It knows full well what 
it wants, and makes plans for it some- 
times more shrewdly than the conscious 
mind : it is unconscious only in the sense 
that our waking consciousness is not 
directly aware of all that goes on in it. 

The popular misconception of psycho- 
analysis as the psychology of sex origi- 
nates in the fact that sex may play a 
more conspicuous role in the unconscious 
than in the conscious mind, and there- 
fore it occupies a more prominent place 
in the psychoanalytic literature. The 
primary object of study of psychoanaly- 
sis, however, is the unconscious — ^the 
study of sex is only incidental. 


When the three persons of the trinity 
function harmoniously, they may appear 
as different faculties or tendencies of the 
same person, and the casual observer 
may dismiss the theory of three persons 
in one as pedantry. However, when the 
three begin to work at cross-purposes, 
especially when discord breaks out 
among them so that one persecutes an- 
other, or worse yet, when one murders 
another (incidentally killing all three), 
there cannot be much doubt left as to 
whether human personality is more sig- 
nificantly interpreted as a trinity or 
merely as one person having a number 
of faculties and tendencies. 

That there has been some recognition 
of multiplicity in human nature is not 
to be denied. Who has not heard of the 
^^body-mind-and-soul” theory of man? 
More often, however, human nature has 
been pronounced duplex. St. Paul was 
emphatic on the distinction between the 
carnal” and the ^‘spiritual” man. 
The ‘‘Dr.-Jekyll-and-Mr.-Hyde” picture 
is classic. While these contain much 
truth, they are very inadequate. They 
are not only fragmentary but also un- 
scientific in conception and erroneous in 
some of their important implications. 
For this very reason, it has been neces- 
sary to give new names to the three per- 
sons distinguished by psychoanalysis, so 
as to avoid the notions that cling to old 
words. 

Let us identify the three personalities 
briefly and then review some of their 
famous conflicts in history and fiction. 

First comes the Ego, a well-enough 
known fellow. He is the personification 
of reason, and the nominal head and 
mouthpiece of the trinity. As such, he 
generally poses and passes for the whole 
personality. Our ‘‘company manners” 
355 
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are largely tliose of the Ego. His major 
attribntes are common sense, prudence, 
and expedience. In some respects, the 
Ego is the most decent member of the 
trinity, but he is also the Tveakest and is 
easily corrupted by the others. He 
counsels his partners, furnishes them ex- 
pert knowledge, and acts as their execu- 
tive ; but frequently the others fool him 
or simply compel him to carry out their 
dictates against his own better judgment. 
He writes scientific treatises, develops 
philosophical systems, makes inventions, 
and in matters of abstract truth, such as 
mathematics, he talks with an absolute 
authority as if he were the voice of God. 
And yet, the amount of stupidity the 
Ego has advocated through the centuries 
is simply astounding. And in spite of 
all his talents, the Ego plays only a 
minor role in art and religion. 

The psychoanalytic name of the sec- 
ond member of the trinity is Id. This 
name may sound Chinese, but the Id is 
us more intimately than the other two 
members of the trinity, and far more 
important than they because he repre- 
sents the life instincts, or vital drives, in 
us. Although these instincts, or drives, 
are many, they are so well united in the 
long evolutionary process that in the 
normal person they do not ordinarily 
exhibit cleavage into separate personali- 
ties. The Id likes sex and is libidinous, 
but he is so only because he is the source 
of all emotion, and hence of love in all 
its manifestations, and also of much hate. 

The Id is the creative member of the 
trinity. He surely is more than animal, 
as he is the fountainhead of all artistic 
inspiration. The Ego can write verse, 
but only the Id can put into it the spirit 
that elevates verse to the rank of poetry. 
The Ego can furnish correct harmony 
(after learning it from the Id), but only 
the Id can furnish an enduring melody. 
The Ego can draw and color, but only 
the Id can furnish the ingredient that 
makes the difference between a colored 


drawing and an artistic painting. The 
Ego can write excellent history, but only 
the Id can write good fiction. Our gen- 
tlest emotions spring from the Id; and 
the tender grace of parenthood is his ex- 
clusive gift. The Ego strains his intel- 
lect and calls God ^Hhe Infinite,’’ which 
means bigger than you can imagine” — 
a sorry compliment. Intuitively, the Id 
calls him Father” and infuses human 
life with divinity. 

The Ego’s workshop is in the cortex, 
that of the Id extends down to the thala- 
mus, and therefore much of the latter’s 
activity is below the surface of conscious- 
ness. Thus, when communications reach 
the Ego from the Id, they may appear as 
sudden inspirations. 

In the unconscious, the Id preoccupies 
himself particularly with those interests 
of his that are repressed by the other 
members of the trinity. Sex is perhaps 
the most important one of those interests, 
but there are others, many of them aris- 
ing from infantile and childhood experi- 
ences. The manifestations of the sub- 
conscious workings of sexual enei'gy so 
impressed Freud that he christened them 
the Libido. So, in the early days of the 
new science, the human personality was 
double (even though not officially so 
stated) — ^the Ego and the Libido. Some 
psychoanalysts now use the word Libido 
more broadly as synonymous with Id. 
In this article it will be so used because 
it is a more familiar word, with more 
color and potential — although a certain 
amount of odium also attaches to it, from 
which the colorless word Id is free. 

The Id, or Libido, is the dynamo of the 
trinity: he furnishes both objectives and 
energy to the Ego ; he is perpetually bent 
on achieving some desired goal and 
would destroy anything that stands in 
his way, except for the restraining hands 
of the other two persons of the trinity — 
the rational Ego and the third person. 

And who is this third person t 

Conscience is his popular name, Super- 
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ego his psychoanalytic name. That con- 
science speaks to ns as if it were the 
voice of another person — ^perhaps as the 
voice of God — will be readily granted, 
and to that extent at least, the multi- 
plicity of human personality may be 
conceded. The fundamental difference 
between the psychoanalytic concept of 
the Superego and the popular notion of 
conscience is that the Superego is larger 
than the conscience and includes it. 
Conscience is the Superego as the latter 
appears in consciousness, but the Super- 
ego works also in the unconscious, as the 
conscience of the unconscious, and does 
some of its most important work there. 
Of the latter, we are not directly aware, 
but we have a great deal of indirect 
positive knowledge of it. 

Conscience is sometimes thought of as 
primarily interested in religion, but the 
Supergo is seen to enforce all tribal and 
social taboos, political loyalties, the dic- 
tates of fashion, the codes of professional 
conduct, the amenities of the club, the 
rules of the shop, the rules of sport, the 
traffic regulations, and even the unwrit- 
ten codes of the gangsters. At the sub- 
conscious level, it keeps guard over the 
Libido and the bodily functions, even 
when the Ego sleeps. For instance, it 
guards the sphincter muscle to keep the 
bedding dry and clean; keeps dreams 
within bounds ; and wakes us up in the 
morning at the right time. 

Censorship of the Libido is, of course, 
also one of the functions of the Ego. 
Perhaps because routine repetitive cen- 
sorship would be an unnecessary burden 
on the Ego, this duty has evolved into 
a separate function delegated to the 
Superego. As this type of work does 
not require much intelligence, the Super- 
ego is a dullard compared with his part- 
ners. He is easily won over by all kinds 
of established authority and is the great 
ally of conservatism, although he also 
spurs an occasional crusader. The very 
fact that it is the function of the Su- 


perego to check the Libido carries with 
it the danger that a hypertrophied, 
or otherwise malfunctioning Superego, 
may tend to choke the Libido. 

Human personality, then, consists of 
these three persons: Ego, Superego, and 
Libido; or, in the more familiar terms, 
Reason, Conscience, and Desire. In the 
normal individual, they so complement 
and balance each other that the resultant 
is an apparently single personality with 
a certain characteristic complexion, de- 
pending on their proportionate strength. ^ 

Under the influence of alcohol, the 
equilibrium within the personalities of 
our trinity is altered, and hence the com- 
plexion of our composite personality 
changes. The Ego and Superego are 
dulled more than the Libido, and there- 
fore the latter gets freer rein. Thus his 
joy in living and loving comes to the fore 
more conspicuously. While it is gener- 
ally recognized that alcohol releases 
tensions,’’ it is not so generally under- 
stood that these ‘tensions” are conflicts 
within the trinity and are eased by dull- 
ing the censorious partners and releas- 
ing” the Libido. 

At night the Ego sleeps much more 
deeply than the other two, and the com- 
plexion of our sleeping personality is 
considerably different from that of our 
waking one. This shows itself clearly in 
dreams. The Libido takes advantage of 
the drowsy Ego and enacts its hopes, 
wishes, and fears in dramatic scenes on 
the stage of the lower levels of conscious- 
ness. The Ego takes these dreams as 
reality because he knows he is not imag- 
ining them and, being drowsy, he does 
not suspect that the Libido may be con- 
cocting them. In every dream there 
are three real persons, namely, the part- 
ners in the trinity. All others are pup- 
pets, mostly the creations of the Libido. 
Concealed in the subconscious, the Libido 
pulls the strings and speaks for the pup- 
pets as a master-ventriloquist. The Ego 
watches as an innocent bystander or fre- 
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quently enters into the play, like a spec- 
tator walking up to a magician’s plat- 
form. As the Libido is rigidly controlled 
during waking hours, now it would like 
to do a lot of wishful thinking without 
arousing its censorious partners. To 
accomplish this, it resorts to symbolism, 
and that makes dreams seem fantastic; 
but dreams are no more so than code 
messages. When decoded, both make 
sense, sometimes fearful sense. Thus, 
dreams provide a clue as to what is going 
on in the subconscious, and that is why 
the psychoanalyst is very much inter- 
ested in them. Many a symbolic murder 
is committed by the Libido in dreams, 
without the knowledge of the Ego or the 
Superego. The person remembers the 
dream but does not understand it and 
may not believe the interpretation of the 
psychoanalyst. Conflicts in the uncon- 
scious, between the Superego and the 
Libido, lead to symbolic nightmares, al- 
though we may well grant a nightmare 
may also be caused by a physiological 
discomfort. Even in the latter case, it 
is possible that the physiological discom- 
fort initiates the mental conflict, v/ 

The Libido uses skillful camouflage to 
dodge the censorship of the Ego and 
Superego, even in our waking hours. At 
the New York World’s Fair, millions of 
men and women innocently gazed at and 
admired the theme” of the Fair — ^the 
Trylon and Perisphere — ^while their un- 
conscious drank in the lightly disguised 
phallic symbolism. We may grant that 
the architect’s Ego also was innocent in 
this matter. He says the Trylon was the 
logical answer to the requirement of visi- 
bility, and the Perisphere was needed 
for an interior display of the nighttime 
view of the heavens and the countryside. 
How clever of the Libido, and how naive 
and innocent of the Ego 1 The architect 
never explained why the Trylon and the 
Perisphere had to be adjacent to each 
other ; what need there was for such de- 
ceptive words as Trylon and Perisphere; 


and why no elevator was ever placed in 
the Trylon to enable visitors to get an 
adequate view of the Pair. Artists put 
things in their paintings unaware, and it 
is common knowledge that composers do 
not always understand the music welling 
up from the unconscious. So they call 
their compositions “Symphony No. 1,” 
“Concerto No. 2,” etc. It was some 
time after the composition of his Fifth 
Symphony that Beethoven interpreted it 
as “Thus Fate Knocks at the Door.” In 
daily life, much of our motivation is 
unconscious — from either the Libido or 
the Superego — and our “reasons” for 
our behavior frequently are only ration- 
alizations. 

The Superego not only restrains but 
may also punish. “He that diggeth a 
pit shall fall into it,” says the Good 
Book, and centuries of human experi- 
ence show that it is true. Who or what 
could be the agency for such divine jus- 
tice? Why look beyond the Superego? 
While the Libido and the Ego have 
turned a deaf ear to him and are digging 
a pit for the innocent, the Superego is 
muttering, “Wait and see if I don’t 
push you two into that pit when you’re 
unwary. ’ ’ 

Just as Keason’s function is to be an 
unerring guide to truth (though he is 
frequently guilty of much stupidity), so 
Conscience’s function is to be an uner- 
ring guide to ideal conduct (though he 
is frequently guilty of much crime). 
Often, too, he is neither the voice of 
God nor of reason but of some tradition, 
prejudice, or some other false authority. 
Eight or wrong, he acts as judge, jury, 
and executioner and punishes disobedi- 
ence, sometimes with much cruelty. He 
is impartial, too, punishing his partners 
sometimes worse than others. The hor- 
rors of the inquisitions perpetrated by 
cruel Superegoes are well known. Wit- 
ness the following letter written by the 
minister of a Boston church in the year 
of our Lord 1682 : 
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To YE AGED AND BELOVED, MR. JOHN HiGGINSON: 

There be now at sea a ship called Welcome, 
which has on board 100 or more of the heretics 
.and malignants called Quakers, with W. Penn, 
who is the chief scamp, at the head of them. 
The General Court has accordingly given sacred 
orders to Master Malachi Huscott, of the brig 
Porpoise, to waylay the said Welcome slyly as 
near the Cape of Cod as may bo, and make cap- 
tive the said Penn and his ungodly crew, so that 
the Lord may be glorified and not mocked on the 
soil of this new country witli the heathen wor- 
ship of these people. Much spoil can be made 
of selling the whole lot to Barbadoes, where 
slaves fetch good prices in rum and sugar, and 
we shall not only do the Lord great good by 
punishing the wickeds, but we shall make great 
good for His Minister. 

Yours in the bowels of Christ, 

Cotton Mather 

If such a Superego should turn against 
its partners, would it hesitate at killing 
them ‘‘so that the Lord may be glori- 
fied’’? The ascetic self-tortures of the 
early centuries represent a cruel Super- 
ego torturing the Libido with the assent 
of a mistaken Ego, based on a misunder- 
standing of the gospel of Jesus Christ. 
Such asceticism is nearly extinct now, 
but other forms of masochism are in 
style. 

Let us consider now some classical 
cases of murderous conflict within this 
unholy trinity. For the purposes of 
this article we shall define as true suicide 
only those eases of self-destruction in 
which the three persons of the trinity 
agree that death is better than life, but 
as murder those cases resulting from a 
conflict among them. Sometimes we can 
tell which of the trinity killed which, 
with malice aforethought, with full 
knowledge that killing the other will be 
the end of all three, and reconciled to it : 
a suicidal murder, but murder just the 
same. Although the end effect is the 
same in both cases — death for the trinity 
— ^yet in the first ease the motive is sui- 
cide, in the second, murder. 

It is a surprising conclusion of some 
psychoanalysts that true suicides are 
rare. Frequently, what appears as a 
suicide in the coroner’s report is murder 
within the trinity. For instance : 


In Victor Hugo’s immortal novel, 
Les MiseraUes, we see the police officer 
Javert standing on the brink of the river 
Seine in Paris, in the dead of the night. 
He plunges in and is drowned. 

Suicide or murder ? 

Murder of an implacable Superego by 
a Libido and Ego in desperation. Ja- 
vert ’s conscience, as the agent of the law, 
was making life miserable for Jean Yal- 
jean, with whom Javert ’s Ego and 
Libido sympathized and suffered and 
revolted. Death alone would silence 
that unreasonable conscience of his, so 
death was dealt to him. 

That story features also conflict within 
the personality of the hero — Jean Yal- 
jean— his- Superego hounding him all 
through the story, demanding surrender 
to the law with great humiliation to his 
Ego and great privation to his Id, and 
these two resisting the Superego success- 
fully as long as no one else is concerned. 
But the moment the interests of another 
person are endangered, the Superego is 
aroused to greater effort and obtains the 
surrender of the other two. When Jean 
Valjean’s son-in-law learned of his pain- 
ful past (and present) and offered to 
secure pardon for him through political 
influence, he answered that what he 
needed was pardon from his conscience ! 
But that could not be secured through 
political influence and was not secured 
even by all his good deeds, and so his 
whole life was one of agony and martyr- 
dom to his conscience. 

The story of Dr. J ekyH and Mr. Hyde 
ends with what the coroner would call 
suicide. The screen version recognized 
murder in it and ended with words like 
“Mr. Hyde has killed Dr. Jekyll.” Un- 
doubtedly, Hyde’s scandalous conduct 
led to the tragic end, and therefore the 
Libido may be said to have killed the 
Ego. But what is lacking is explicit 
recognition of the trinity, of the part 
played by the Superego. In the long- 
drawn-out conflict between the Superego 
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and the Libido, the latter had the upper 
hand until the situation arose in which 
life’s appeal to the Libido was greatly 
weakened. The Superego, now more in- 
furiated than ever, ordered the Ego to 
kill and punish the Libido. The order 
was carried out because the Libido was 
now too indifferent to life to offer serious 
resistance. 

A fourteen-year old apprentice of a 
cobbler was very much impressed by an 
adult conversation about ^ a certain cus- 
tomer having been blinded for blas- 
phemy. Soon after that, his eyes began 
to bother him, and an oculist advised 
him to change his occupation to some- 
thing less exacting to the eyes. His eyes, 
however, steadily grew worse, and on 
occasions his retina would bleed. Ocu- 
lists were unable to help, and the boy 
(by this time a man) consulted the 
psychiatrist Georg Groddeck, telling him 
his story. For brevity, the diagnosis 
and subsequent events are condensed 
here into a short dialogue. 

Doctor. How do you account for the bleed- 
ing of your eyes? 

jpatient. It happens invariably in the fall, 
in October, and also at other irregular times. 
In the fall, nature is dying, and I feel sad. I 
cannot account for the other times, or the pres- 
ent ease except that my, little girl accidently hit 
me in the eye. 

D. Did anything serious happen to you in 
the fall! 

P. No. 

D. G-ive me a number. Any number. 

P. Eight. 

D. Did anything serious happen to you when 
you were eight! 

P. No. 

(Previous reference to the blind man came to 
the doctor ^s mind.) 

P. Did you ever blaspheme God? 

P. (laughing.) I used to be a pious child 
hut for many years I have not gone to church. 
I don H believe in those things any more. 

Suddenly the man grew pale, and fainted 
away. When he came to himself again, he hroJce 
down in weeping confession. 

P. Doctor, you are right. I am a blasphemer. 
It was in October, I was eight years old, and 
with a bunch of other boys, I was throwing 
stones at a border crucifix. My stone hit the 
mark, and the image of Christ fell down and 
broke into pieces. We fled, terrified. 


D. When did this last bleeding start! 

P. Yesterday, at five, while I was waiting 
for a car at a certain corner. 

D, Go back there now, look all around, and 
report to me what you see. 

The patient returned with a statement that he 
saw a large crucifix! 

The retinal hemorrhage was punishment ad- 
ministered by an ill-advised superego, aroused 
by the sight of the crucifix. With the reeduca- 
tion of the patient ’s mind, Ms eyes steadily im- 
proved, and in time he secured and held a job 
as a bookkeeper, a most severe task for eyes. 

Consider St. Panrs case. His stem 
Superego, energetic Libido, and mistaken 
Ego conspired to persecute the Chris- 
tians. He helped stone Stephen, and 
drove others into dark dungeons. He 
probably threatened also to blind them 
so they would be eternally in a dark 
dungeon. But as his contact with the 
Christians grew, his Ego saw that these 
were not bad people, that it was a crime 
to persecute them. The Superego then 
relented, but the Libido continued the 
persecution. On the way to Damascus, 
the Superego revolted against the Libido 
and turned on it with a terrific thrust: 
It’s you that deserves to be blinded, not 
those Christians, and you’re going to get 
it ! The subconscious explosion sounded 
like thunder and lightning to his Ego. 
He was knocked down blind and help- 
less. ^^Saul, Saul, ... it is hard for 
thee to kick against the goads [of thy 
conscience] . ’ ’ When Ananias gave him 
the authoritative word of forgiveness for 
his sin, Paul’s Superego relented, and 
his Libido regained his sight. 

The Master-Healer knew intuitively 
the need of many of his patients and 
applied the correct remedy to them, say- 
ing, though not to all, ‘‘Son, thy sins are 
forgiven thee. ” These people went home 
happy, not only because their physical 
ailments had been relieved, but also be- 
cause they felt a joy and peace in their 
hearts transcending their understanding. 
The magic words of the Master had re- 
lieved the unconscious conflicts gnawing 
at their vitals. 

The flowering of Christian love in 
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PauVs Libido never quite succeeded in 
completely bumanizing bis intolerant 
Conscience. Listen to bim write to tbe 
Galatians, wbo have bad a doctrinal row : 
^‘Tbis simply means that certain in- 
dividuals are unsettling you ; they want 
to distort tbe Gospel of Christ. Now 
even tbougb it were myself or some angel 
from beaven, whoever preaches a gospel 
that contradicts tbe gospel I preached to 
you, God’s curse be on bim! I have 
said it before and I now repeat it; God’s 
curse be on bim 1 ” ( Gal. 1 : 7-9 ) Com- 

pare this with tbe spirit of tbe Master: 

. they went, and entered into a vil- 
lage of tbe Samaritans . . . and they 
[tbe Samaritans] did not receive him. 

. . . And when bis disciples, James and 
J ohn, saw this, they said, Lord, wilt thou 
that we command fire to come down from 
heaven, and consume them, even as Elias 
did ? But be turned and rebuked them, 
and said, Ye know not what manner of 
spirit ye are of. ’ ’ (Luke 9 : 52-55 ) . 

Paul’s theology also was profoundly 
infliuenced by bis stern Superego. Tbe 
following words of James probably rep- 
resented also tbe temper of Paul’s con- 
science: ‘^Por whoever shall keep tbe 
whole law, and yet stumble in one point, 
be is become guilty of all.” (That is, if 
you pass a red traffic light, you thereby 
become guilty under all tbe provisions of 
tbe penal code.) Such a stern con- 
science could not be appeased with any- 
thing less than tbe most precious blood, 
and Paul bad tbe inspiration to offer tbe 
blood of Jesus Christ in bis defense. 
That was one of the most momentous 
events in history — ^for ages to come, hu- 
manity suffering at heart as Paul did 
will find salvation and joy as he did. 

Like astronomy, psychoanalysis is 
neither religious nor irreligious;. it only 
reveals tbe mechanism through which 
man, God, or tbe Devil may work. As 
an example of the Devil’s work, tbe Am-, 
monites sacrificed their first-born to 
Moloch. Whom were they appeasing? 


A stone statue? More likely, tbe Moloch 
of a Superego in their unconscious. Su- 
perstition? Of course, but that only 
because in all ages people have fashioned 
their gods in their own image. The He- 
brews solved the confiict in the human 
personality by a token sacrifice of sex in 
the ritual of circumcision, supplemented 
by the shedding of the blood of an 
animal. 

Although generally the conflict is be- 
tween the Superego and the Libido, 
sometimes it is between the Superego and 
the Ego. Here is an example that 
recently appeared in the papers : 

MIXISTEK'S SON KILLS SELF 

A minister's 16-year-old son, who left notes 
indicating that he debated with himself ques- 
tions of belief and nonbelief, was found dead in 
a L College chemical laboratory to- 

day. Sixteen gas jets in the room located in 
Gayley Hall were open, according to police, who 
said a note had been fastened to the laboratory 
door, warning other students against entering 

because of the fumes. The boy was J 

B. E , 16, a freshman, whose father 

is the Eev. M E pastor 

of C Presbyterian Church, Staten 

Island, N. Y. E was on the dean’s 

list and was a member of the college choir. 

Although death from conflict between 
theological dogma and reason are un- 
usual, milder eases of such conflict are 
quite common among scientific people 
brought up in fundamentalist families. 
A modus vivendi is generally established 
by going to church on Sunday, to the lab- 
oratory on Monday, and by never discuss- 
ing doctrinal matters or even religion. 

Violently murderous conflict within 
the human personality is of course rare, 
but a greater amount of harm is done by 
the less spectacular cases because they 
are so prevalent. 

An oversimplified picture of the de- 
velopment of an internal conflict be- 
tween the Superego and the Libido in 
the adult may be described as follows: 
An antagonistic social environment, more 
powerful than the individual, arouses 
aggressive impulses in the Id, and these 
are repressed jointly by the Ego and the 
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Superego, the former counseling pru- 
dence, the latter demanding obedience 
to authority. The repressed resentment 
festers in the subconscious into more 
seriously aggressive impulses, and this 
ezcites the Superego into more drastic 
controls against the Id. Thus, ten- 
sion begins to build up and may ex- 
plode sometime. Surely, ‘^Blessed are 
the meek.’’ Blessed are also those who 
are not exactly meek but have mastered 
the art of diverting into constructive ac- 
tivities those pugnacious energies that 
may be mobilized in them by external 
opposition. 

Human unhappiness arising from in- 
ternal conflict is deeper than that from 
external conflict, though the two react on 
each other; and the establishment of in- 
ternal peace may be a prerequisite to the 
establishment of a durable world peace. 
If we could but see the internal conflicts 
of men like Hitler engaged in creating a 
world conflict ! About the general causes 
of war, perhaps the ostensible ones, like 
the Versailles Treaty, etc., are merely ex- 
cuses, the real causes being the conflicts 
within the personalities of the leaders. 
J ames said many centuries ago : Whence 
come wars and whence come fightings 
among you ? Come they not hence, even 
of your passions, that war in your mem- 
bers!” 

In The Art of Happiness , J ohn Cowper 
Powys says : 

I myself have discovered, from examining the 
behavior of my own mind, that there is a cruel 
demon in it that derives sadistic pleasure from 
trying to . force me to think of the very things 
that especially make me shudder. And the 
happier^ I feel, . . . , the more energetically 
does this demon under my own helmet call to 
my attention what I particularly loathe to think 
about. 

That there is in all of ns a will-to-lif e is 
universally recognized, and self-preser- 
vation is said to be the first law of nature. 
Some philosophers have also observed 
that in all of us there is also a will-to- 
death, as if self-destruction might be a 
second law of nature. This is stated 


very effectively by Dorothea Brande in 
Wake Up and Live: ‘^With the time and 
energy we spend in making failure a 
certainty, we might have certain success. 

It takes energy to fail. . . . Then 
why do we ivork hard at failure! Be- 
cause, besides being creatures subject to 
the Will-to-Live and the Will-to-Power, 
we are driven by another will, the Will- 
to-Fail, or Die.” 

This condition may be responsible 
for certain slow, unconscious suicides, 
producing either organic or functional 
disorders. People who do not spare 
themselves, those who take unnecessary 
chances, may well be suspected as ailing 
with a mild case of will-to-death. 

If this is true, it must have a profound 
biological significance. It has: when 
functioning properly, it is an instrumen- 
tality for rac^-preservation as against 
5eZ/-preservation. This is evident at the 
lowest level of the unconscious in the 
senile degeneration by which the body 
eventually commits suicide. It is evi- 
dent also at the highest level of con- 
sciousness in the role of the conscience as 
the champion of the interests of the race 
at the expense of the individual harbor- 
ing him ! Although psychiatrists are not 
unanimous, I am convinced that the 
Superego is present in the lower animals 
also, as an instinctive conscience guard- 
ing the safety of the herd. Trinitarian 
psychology explains nicely how the Su- 
perego gone wrong may torture the indi- 
vidual with no benefit to the race. 

As the subconscious is a master of dis- 
guise, the will-to-death may take forms 
that will fool all but the experienced 
psychiatrist. Here is an agitator talk- 
ing about his superior race and blood, 
his unconquerable will, and his irresis- 
tible determination to conquer the world 
or go down in the attempt, pulling down 
the rest of the world with him. Is he 
driven by the will-to-lif e-and-power! 
Or is not such reckless gambling with 
life sufficient evidence in itself that the 
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man is driven by the will-to-death, dis- 
guised as will-to-power, so as to evade 
whatever conservative controls may have 
been left in his personality ? When one 
reads about the kind of will-to-power 
that Nietzsche visualized as the highest 
good and just what he would do with it 
after he got the power, one cannot help 
but conclude that he was driven by a 
disguised, insane will-to-spectacular- 
death. Many people in Germany seem 
to be afflicted with such a neurosis. 
They even have a name for it — Ootter- 
ddmmerung — twilight of the gods. It 
is not unreasonable to assume that Wag- 
ner’s Id sensed the ailment all around 
him and expressed it in Der Bing der 
Nielelungen. No wonder many Ger- 
mans, especially the nazis, are extremely 
fond of that music — it expresses sonor- 
ously their subconscious longing for an 
epic end. 

Not all self-mutilations are due to 
an internal conflict. One large class of 
them are instruments of warfare against 


others — passive in appearance, but very 
aggressive in intent and sometimes very 
effective. Children cry so as to have 
their way with their parents; women 
cry and even become sick so as to have 
their way with their husbands ; the jilted 
lover threatens to shoot himself unless 
the young lady will marry him ; Gandhi 
goes on a hunger strike to fight the Brit- 
ish Government; and the Gold Coast 
native hangs himself at the door of his 
powerful enemy. The success of this 
type of warfare or aggression depends 
on driving a wedge between the Super- 
ego and the rest of the opponent’s per- 
sonality ; or, failing that, driving a wedge 
between the opponent and the public con- 
science. The argument is ‘‘You drove 
me to this, my blood shall be on your 
head [conscience].” Or, “He drove 
me to this ; regard him as a criminal. ” 

In the light of all the foregoing, one 
can see an unsuspected psychoanalytic 
reason for the ancient friendly admoni- 
tion, “Be good to yourself.” 
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Most of us who have given even casual 
attention to the ways of wild creatures 
have from time to time witnessed acts of 
courage in the defense of home or young 
that have made our pulses throb with ad- 
miration. It may have been a mother 
raccoon returning heroically to rescue a 
cub who had lagged behind when danger 
threatened; or a parent bird defending 
her nestlings from a eat or a snake; or 
else we ourselves were the object of at- 
tack, when our well-intentioned visit to 
the nest was misinterpreted. We mar- 
vel at such dauntless heroism, and ques- 
tion whether we would possess the valor 
to confront enemies so many times 
greater and more powerful than our- 
selves, even in the defense of those we 
most love. 

Of all my adventures among wild 
things, no recollections are more grate- 
ful to memory than those of their heroic 
acts in the defense of their homes. For 
nothing so warms the heart, even of the 
timid, as the sight of courage put forth 
in a good cause. Most of these recollec- 
tions center about birds. Once, while 
bathing in a tropical river, my attention 
was dravm to a sudden commotion 
among the bushes overhanging the chan- 
nel. A Song Tanager (Eamphocelus 
costarieensis) had her nest there. A 
slender green snake, about two feet 
in length, had surprised her by a 
stealthy advance and was devouring her 
spotted blue eggs. The tanager, crying 
loudly in her nasal voice, was fluttering 
about, trying to fight off the serpent. If 
she did not actually peck the lustrous 
green body, she certainly came within an 
inch of touching it. I fear that I was 
more the partizan than the disinterested 
scientific observer, for I no sooner be- 


came aware of what was happening than 
I began to look for a weapon — which, as 
usual, was not to be found when most 
urgently needed. As soon as I could 
lay hands upon a stick that brought the 
snake within reach, I rushed to the 
bird’s assistance and knocked her green 
enemy into the water, just too late to 
save her eggs. 

Meanwhile, the tanager had been hov- 
ering around her doomed nest,’ very 
nearly, if not actually, in contact with 
its assailant. This display of courageous 
determination surprised me, because 
where man is concerned the female Song 
Tanager is one of the most timid of birds 
at her nest. The green serpent was to 
the tanager in size as a boa or python 
from fifteen to twenty feet in length to 
a man. (The boa which the intrepid 
Waterton engaged in a wrestling bout 
amid the Guiana forests was, if I rightly 
recall, of far inferior proportions; and 
few men, I imagine, would care to repeat 
his exploit.) The fact that the tanager ’s 
defense against the snake was ineffective 
did not prove that she had failed to 
inflict punishment upon it; for I once 
watched a serpent of another kind, a 
mica, mortally wounded by bullets, con- 
tinue to gorge upon the contents of the 
nests in a colony of Lawrence’s Caciques. 
A ravening snake appears to be insensi- 
tive to pain and almost insensible to 
danger. 

Often I have myself been the object 
of attack by too-zealous parents unable 
to understand my benevolent curiosity. 
One of the vivid recollections of my 
boyhood is of an adventure with a par- 
ent Bob-white Quail. Eiding along a 
winding country road on my bicycle, I 
saw her cross with her covey of downy 



THE PABEKTAL HEYOTION OF BIRDS 


365 


chicks ahead of me, and dismounted just 
in time to catch one of the stragglers. 
But the old bird, noticing the fate of 
her chick, turned and dashed toward me 
so belligerently that I dropped my tiny 
captive and retreated. An angry barn- 
yard hen will sometimes make as fierce 
an attack in defense of her chicks. 

Years later, a pair of Catbirds (Diime- 
tella carolinensis) ^ nesting in a thorny 
barberry hedge between two houses 
in the suburbs of a great city, gave 
a fine display of courage and cooper- 
ation in the defense of their nest. 
During the female’s frequent absences 
from incubating her three blue eggs, her 
mate would almost invariably perch in a 
little hawthorn tree hard by the nest, 
where he could keep watch over it. 
Here he stood guard in silence; but 
upon the return of the female he went 
off to a more distant ash tree to resume 
his sweet music. Whenever I came near 
his treasures, he advanced very close to 
me, tail spread and wings quivering, 
hopped excitedly about, and uttered 
loud mews. If I held my hand above 
the nest, the female Catbird would strike 
it with her feet. After the eggs hatched, 
both grew bolder in the defense of the 
nestlings. The mother bird would now 
not only strike my hand, but actually 
alight upon the back of it and peck me 
vigorously with her slightly deformed 
bill. The blows were rather painful, 
and at times drew a few drops of blood. 
If I turned the palm of my hand up- 
ward, she dared not rest upon it, but 
pecked from the side. Meanwhile, the 
father would flutter about my head, 
sometimes striking me. All in all, this 
was the most vigorous mauling I have 
ever received from any pair of birds. 

The human hand, with its five long, 
mobile, grasping fingers, must seem a 
terrible instrument to creatures with less 
versatile forelimbs. I imagine that they 
look upon it with the same degree of 
aversion and dread as we do the ten- 


tacles of an octopus, the fangs of a ser- 
pent, or the sting of a scorpion. The 
Catbird, who doubtless had enjoyed no 
previous opportunity to study the mode 
of action of a hand, seemed instinctively 
to know which way the thing worked, 
and made her attacks with due caution. 
While taming a filly, I found that she 
would take food from my hand, and 
nuzzle my face, long before she would 
willingly submit to being touched with 
my fingers. She appeared to have the 
same dread of them as the Catbird. 

In the forests of Panama, a male 
Slaty Antshrike {Tliamnophilus punc- 
tat us), a bird somewhat smaller than the 
Catbird, defended his nest with equal 
valor. He was standing guard beside 
the little moss-trimmed cup when I at- 
tempted to lift out one of the nestlings. 
Fluttering his spread wings, expanding 
his tail into a black fan tipped with 
white, raising the blackish feathers of 
his crown, and spreading the slate-col- 
ored plumage of his back to reveal the 
white patch usually concealed in its cen- 
ter, he resembled a wild Indian in full 
panoply of war. Then, darting forward, 
he bit the tip of a finger — I suppose with 
all the might of frenzied parental devo- 
tion, yet so lightly that I scarcely felt 
the nip. Twice he repeated his daring 
assault, then retreated a little way. 
Meanwhile his mate, creeping over the 
ground close by, tried to lure me away 
by the familiar “broken-wing” ruse. 

Many other birds have displayed sig- 
nal courage in defending their nests 
from my well-meant but probably ter- 
rifying intrusion. I recall a male 
Groove-billed Ani who forcefully buf- 
feted the back of my head whenever I 
visited his nestlings in the thorny orange 
tree, A Yerreaux’s Dove, who could not 
easily be frightened from its overhead 
nest in a coffee plantation, gave a sting- 
ing wing-blow to the mirror I held up to 
see the contents of the shallow cup — 
stinging, I fear, only to its wing. Then 
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it dropped to the ground and gave one of 
the best exhibitions of broken-winged 
helplessness I have ever witnessed. A 
Short-legged Wood Pewee, one of the 
smallest and weakest of the flycatchers, 
made most spirited demonstrations when- 
ever I visited his nest, dashing close by 
my ears with angry snaps of his little 
bill. Trespassing birds far larger than 
himself were treated in the same fashion. 

The literature of natural history, both 
dryly scientific and that intended to 
make more exciting reading, is full of 
accounts of the reckless courage which 
birds and mammals at times display in 
the defense of their young. Many an 
egg collector has had cause to rue his 
climb to a hawk’s eyrie defended by 
parents strong of talon and dauntless 
of heart. 

Some birds display their fortitude by 
clinging staunchly to their nests in the 
face of danger, rather than by bold at- 
tack. Chiefly, these are of kinds whose 
coloration renders them inconspicuous; 
to move would be to cancel the value of 
their protective coloration and to catch 
every watchful eye. Hence they remain 
sitting znotionless in the face of an 
enemy until it is almost upon them, as 
though hoping against hope that they 
had not been seen. Yet it is not always 
the neutrally colored bird who remains 
faithfully at her post of duty : a Eobin 
and a glittering hummingbird have per- 
mitted me to touch them lightly as they 
sat. But the bravest and most devoted 
of all the incubating birds I have ever 
known was a tiny female Yellow-thighed 
Manakin (Pipra mentalis ) . Clad in dull 
olive-green, quite lacking the brilliant 
scarlet that adorns the head of the black 
male, she was a most inconspicuous ob- 
ject as she sat in her shallow nest, hardly 
bigger than a watch glass, in the under- 
growth of the tropical forest. She clung 
stubbornly to her nest, and allowed me 
to smooth the feathers of her back, touch 
her breast and bill; even shaking the 


branch that supported the nest would 
not cause her to forsake it. Since she 
could not easily be made to leave, when 
I wished to learn whether her eggs had 
hatched, I was obliged to push my fingers 
beneath her breast and feel. I found 
her clinging to the little cup with her 
feet. She provided a unique object for 
photography; she was the only mature 
bird I have ever known who would allow 
herself to be gently pushed about on the 
nest into just the pose the photographer 
desired. Yet away from their nests, 
these manakins are not devoid of a 
wholesome caution in the presence of 
man. 

Birds that breed in burrows often re- 
main on their nests with incredible dis- 
regard of their personal safety. This is 
especially true when the nestlings have 
just hatched, for it is then that parental 
devotion is at its most fervent pitch. I 
have opened the burrow of a Blue- 
throated Green Motmot, and of a Green 
Kingfisher, and lifted the parent bird 
unresisting from its newly hatched nest- 
lings. A big Ringed Kingfisher re- 
mained upon her eggs with equal brav- 
ery; but her powerful beak forbade fa- 
miliarities. Yet all of these birds were 
free to escape, since I had opened their 
burrows at the rear, and they might have 
slipped down the entrance tunnel to the 
outer air. 

But despite all the steadfast devotion 
of birds to their nest, their zeal in its 
defense, their reluctance to forsake it 
even in the face of enemies far larger 
and more powerful than themselves, less 
than half of all bird nests remain invio- 
late until the young are fledged. Stud- 
ies have been made of the nest-losses of 
many kinds of birds in the most varied 
regions. Only occasionally, where suffi- 
cient nests to be statistically significant 
have been followed through, has the 
number of losses been much below 50 
percent. In the North Temperate Zone, 
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the premature loss of from 50 to 60 per- 
cent of all open nests seems to be the 
rule; often the destruction is consider- 
ably greater. In the tropical forest, the 
loss of nests is sometimes as high as six 
in seven. This will not surprise us, 
when we remember that the enemies of 
birds are numerous, while the birds 
themselves — for all their zeal — are for 
the most part harmless creatures whose 
only defense lies in flight. 

But what does seem incompatible with 
the parent birds’ manifestation of de- 
votion and concern is the fact that they 
nearly always survive the loss of their 
eggs or nestlings. Very infrequently 
one finds evidence, in the form of feath- 
ers scattered about and below the nest, 
that the parent bird has shared the fate 
of its offspring. And even this telltale 
sign of disaster may be misleading, for 
I have known parent birds to leave many 
feathers behind, yet survive to build 
another nest. Nearly always, the de- 
spoiled nest is followed by another and 
another, until at last a brood is fledged, 
or the breeding season draws to a close. 
I have known a pair of birds to build 
four, five, or even six nests in a season, 
yet not raise a single nestling until it 
was fledged. 

Are we to conclude from this that the 
solicitude of parent birds — ^their cries 
of distress, their attacks and feints of 
attack, their steadfast clinging to the 
nest in the face of danger — is all a sham 
and a bluff; that in their boldest resis- 
tance to the intruder they are acting a 
part, just as when they flutter away 
over the ground feigning a broken wing? 
Can it be that they have no real feeling 
in the matter, and not the least intention 
to sacrifice their lives in the defense of 
their offspring ? 

Birds do in fact at times give up their 
lives in the defense of their nests. If 
Audubon’s famous painting of the Mock- 
ingbird in the rattlesnake’s mouth is 
based upon actual observation, we have 


here a case in point. In the defense of 
its nest the British Corncrake is said to 
attack a dog or fight a rat until too crip- 
pled to escape. I personally have never 
witnessed a grown bird fall a victim to 
the assailant of its nest; but then it is 
not often that the watcher is at hand at 
the moment the calamity occurs. Yet 
many a bird, defending its nest or merely 
remaining steadfast upon its eggs, has 
placed itself within my power to kill it 
with a stick or even my hands, had I 
been so inclined. 

We have seen that with most species 
of birds the eggs or nestlings are de- 
stroyed in half or more of all nests. At 
times the destruction is effected by some 
small marauder, weaker than the owner 
of the nest, during an interval when 
both parents are absent. But usually the 
destroyer is more powerful than the 
parent birds. Were these to offer a de- 
termined resistance, the outcome of the 
conflict could hardly remain in doubt: 
the parents must die along with their 
offspring. Even if they succeeded in 
beating off the assailant at the expense 
of mortal wounds, the nestlings would 
succumb from lack of attention. In 
many species, if only the male died, the 
female might care for her family alone ; 
and I have known male birds of several 
kinds to be successful in raising nestlings 
whose mother disappeared after they 
were feathered. But with most species 
of birds, the economy of the nest is such 
that if the female be lost before the 
nestlings are covered with plumage, the 
eggs must spoil or the nestlings die of 
exposure. Even making allowance for 
exceptional eases, I believe that by a 
policy of ‘^resistance unto death,” 
nearly half of the breeding adults would 
each year not ordy fail to reproduce 
themselves, but perish in the attempt 
to reproduce. The remaining half of 
the breeding birds would doubtless not 
suffice to maintain the population at a 
constant level ; for many a fledgling that 
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leaves an nndespoiled nest fails to reacli 
maturity; and the adults themselves face 
many dangers. 

Thus it appears that natural selection 
must itself set a limit to parental devo- 
tion. For the parents to sacrifice their 
lives in vain attempts to preserve their 
offspring, or even in the successful de- 
fense of their young, would be a heroic 
but futile gesture. The struggle for 
existence among wild creatures is too 
severe to allow such chivalrous renuncia- 
tion of self. Among highly social ani- 
mals, such as man, the social Hymen- 
optera, and perhaps even beavers, Brown 
Jays, and a few other vertebrates, the 
sacrifice of an adult in the defense of 
the young may be of positive biological 
value ; but certainly not among creatures 
with which the single individual or pair 
is alone responsible for the care of the 
offspring — ^for they have no orphanages, 
and adoption is rare or unknown. 

In an economy under which all or 
nearly all of those individuals who 
lose their lives in an attempt to shield 
their offspring fail to leave progeny, the 
heroic race cannot long survive, I be- 
lieve that the elimination of individuals 
inclined to take too great risks in the 
defense of their offspring is going on, 
on a small scale, all the time in many 
species. Thus it would be impossible 
for any species or race to arise, through 
natural selection, in which all or the 
majority of the individuals fight to the 
last breath to preserve their eggs or 
young. It is not impossible that whole 
species may have become extinct through 
no other cause. This is especially apt to 
occur when a new predator, with whose 
prowess and activity the native birds 
are unfamiliar, invades their territory. 
Natural selection certainly cannot fore- 
stall the development of strong parental 
solicitude, nor the manifestation of that 
solicitude in demonstrations of anger or 
attempts at defense when the young are 
endangered, but it sets a strict limit to 


those demonstrations and that defense. 
The parents must not often endanger 
their own lives, nor habitually enter into 
conflicts of which the issue is in doubt. 

Often, when we visit a bircVs nest, we 
witness behavior which is a compromise 
between parental devotion and the in- 
stinct of self-preservation. Anguished 
parenthood would — and sometimes does 
— throw itself recklessly upon the in- 
truder. But more ofteu it is withheld 
by that prudence without which its kind 
would cease to exist. The bird may dash 
boldly toward us — only to swerve harm- 
lessly aside when nearly within reach. 
It may hover in the air above us and 
utter shrill screams of distress. Or else 
it may shower upon some inanimate, or 
even animate, substitute the pecks it 
dare not inflict upon us. A female 
Great-tailed Graekle, whose nest in a co- 
conut palm I used to visit, would alight 
upon one of the great fronds and give it 
angry pecks while I looked at her nest- 
lings close by. When I climbed to a 
nest of Brown Jays in a willow tree be- 
side a tropical lagoon, the most zealous 
of the attendants would administer pun- 
ishment to the surrounding boughs, or 
else alight on a banana leaf close by and 
tear it to shreds with its powerful bill. 
Blue Jays will also hammer vigorously 
at a branch while a human intruder is 
at their nest. Under similar circum- 
stances, Kavens behave in even more 
spectacular fashion. ^‘When the young 
are in danger, you often see the old birds 
work themselves into such a temper that 
they pitch down and tear grass up by the 
roots, looking a very picture of impotent 
rage. On one occasion, under such con- 
ditions, we saw a bird settle on a sheep’s 
back and tear the wool off it, to every- 
one’s great amusement except the 
sheep’s” (Gilbert and Brook, Secrets 
of Bird Life, London, 1924). Prairie 
Falcons, when their nests are disturbed 
by men, sometimes strike and even kiU 
other birds in the vicinity, making them 
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the innocent victims of outraged parental 
devotion (Bent, Life Histories of North 
American Birds of Prey, Washington, 
1938 ). 

It appears to be generally true that 
wild creatures are instinctively aware of 
the strength and prowess of their heredi- 
tary natural enemies, and avoid risking 
their lives in the defense of home or 
offspring against such enemies as are 
likely to overcome them. This principle 
might be briefly designated the ^‘Law of 
Prudence.’’ It applies not only to birds 
and mammals, but to cold-blooded ani- 
mals as well. Once I watched a Red- 
throated Caracara {Ihycter americanus), 
a big black hawk with a white belly, at- 
tack the corrugated carton nest of a 
kind of large black wasp with a formid- 
able sting. The caracara subsists largely 
upon the larvae of wasps, and is a mas- 
ter of the art of opening their hives. 
Attracted to the scene of impending con- 
flict by the bird’s hoarse, raucous calls, 
I prepared to witness a thrilling and 
hotly contested battle between hawk and 
wasps. But in this I was disappointed. 
Prom the first, the wasps seemed to rec- 
ognize the mastery of the caracara. 
They hovered about it in a black swarm, 
A few apparently actached themselves 
to its plumage, for it shook its head, 
scratched its body with a foot, and ap- 
peared to pluck one or two from its 
feathers. But on the whole it took little 
account of the insects, which soon ceased 
their attacks and flew about in helpless 
anger ; while the caracara, hanging back 
downward, proceeded to tear away the 
corrugated gray envelope of the nest and 
to devour at its leisure the contents of 
the brood combs. 

These* wasps, although they lost all 
their young brood, lived to establish a 
new nest on the wall of my house — ^be- 
havior biologically more sound, if less 
inspiringly heroic, than losing their lives 
in a vain attack upon the caracara. Not 


long after their new corrugated fabric 
was completed, the house was invaded by 
a horde of brown army ants. These in- 
cursions were repeated at brief intervals 
during the course of several weeks, 
When the ants discovered the nest Ou 
the big black wasps, they filed in long, 
hurrying columns to the attack. The 
wasps merely lined up around the single 
inch-wide orifice at the top of their nest, 
their bodies entirely inside, their heads 
in a ring just within the rim. Whenever 
an ant passed over the edge of the door- 
way, it was easily pushed back by the 
defenders. The brown hordes picked out 
each weak spot in the corrugated carton 
walls and attempted to open a breach. 
But whenever a small gap was made, it 
was defended from within in the same 
manner as the permanent entrance. For 
two hours I watched an exciting siege, 
an attack upon Troy in miniature, right 
on the outer wall of my dining room. At 
length the Greeks admitted defeat and 
drew off their forces, leaving the Trojans 
in unshaken possession of their citadel. 
Neither attackers nor defenders, so far 
as I could learn, suffered a single casu- 
alty. The wasps knew, instinctively, 
when prudence was the better part of 
valor, as with caracara, and when they 
could put up a successful resistance. 

Of all the numerous kinds of curious 
wasps’ nests attached to my walls and 
rafters, none other escaped destruction 
that eventful afternoon; for either their 
occupants were smaller and weaker than 
the black guitarrones, or else their 
houses were more open. And in every 
instance, apparently, these less powerful 
wasps fled without a real attempt at de- 
fense, although a few were trapped in 
their nests and fell prey to the Echiton 
ants. The chief booty, however, con- 
sisted of the soft white larvae, which in 
long, victorious columns the ants bore 
down the walls and out through the grass 
in the yard. In many cases, after the de- 
parture of the ants, the wasps returned 
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to their desolated homes, and began to 
fill the empty brood cells with eggs once 
more. 

The army ants made several other 
afternoon attacks upon the big gray nest, 
but always with the same lack of snccess. 
The corrugated fortress was clearly im- 
pregnable by day. Finally, the E chitons 
attempted a nocturnal attack, with a 
very different outcome. The wasps, big- 
eyed, diurnal creatures, had clearly lost 
advantage in the face of their nearly 
eyeless opponents, to which night or day 
seem to be as one. Many fied the doomed 
nest and settled upon the walls of the 
house, or else flew in to the lamplight 
through the open door, and so gave me 
notice of what was taking place. Others 
were trapped inside and overpowered, 
and their lifeless bodies dragged out 
along with the larvae, each by a whole 
squad of toiling ants. But next day, 
the numerous survivors returned to their 
childless home, and began to fill the 
brood-combs anew. Here, again, the in- 
stincts of the wasps led to the main- 
tenance of a breeding population of 
adults rather than to the preservation 
of the young brood. Biologically, an 
adult in the reproductive period of life 
is far more important than an immature 
individual ; for, under natural conditions, 
the chances of any newborn animaFs 
reaching reproductive maturity are not 
high. The breeding adults are a selected, 
and therefore more valuable, group than 
the infants of the species. 

My experience with the wasps and 
ants led me to introduce a modification 
to the ‘‘Law of Prudence,’’ which is that 
wild creatures as a rule avoid risking 
their lives in the defense of home and 
offspring against an enemy powerful 
enough to overcome them under the con- 
ditions of the attach. For it is evident 
that while adults may put up an effective 
defense under certain conditions, with 
altered circumstances they flee from the 
same enemy. Many birds’ nests are de- 


spoiled during the night, possibly by 
enemies that the birds, which are help- 
less in the dark, would be able to drive 
away in the daylight. 

These responses to attack, whether by 
flight or defense, are instinctive rather 
than rational, or based upon individual 
experience. The same wasps that ap- 
pear to know so well what course to pur- 
sue when attacked by a hereditary natu- 
ral enemy, are most stupidly blind where 
man is concerned. When a swarm has 
settled down to build a nest on a house, 
where they would be a menace to the 
inmates, it frequently happens that there 
is no way to discourage them short of 
extermination. If a few are killed at a 
time, the survivors return; and they 
must be attacked again and again until 
all are dead. They have not yet learned 
the ways of man, and appear to be in- 
capable of learning them from individual 
experience. Similarly, birds upon a 
desert island fall easy prey to cruel, 
avaricious men. 

The ^‘Law of Prudence” applies to 
the procuring of food no less than to the 
defense of offspring. Just as a wild crea- 
ture ’s chances of rearing its young to 
maturity are at best so small that nature 
cannot afford to let it lose its own life in 
defending them against a more powerful 
assailant, so its natural enemies, whether 
larger animals or parasites, are so nu- 
merous that it would jeopardize the exis- 
tence of its kind if it habitually preyed 
upon animals whose strength or weapons 
of defense made them a doubtful quarry. 
The squirrel and the jay enjoy an occa- 
sional egg, but will not attempt to steal 
one from a hawk’s nest while the owner 
is present; the eagle hungers for the 
newborn antelope, but seeks to surprise 
it away from its mother rather than 
brave her sharp prongs. I believe that 
no wild animal normally obtains its food 
in a manner so dangerous as, let us say, 
the occupation of a deep-sea fisherman in 
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northern seas before the mechanization 
of the industry. Those animals who 
appear to win their food, or that of their 
offspring, in a most desperate and haz- 
ardous fashion, upon closer study are 
found to be so expert at their trade, or 
so well-provided with bodily defenses, 
that actually they run little risk. The 
caracara, which subsists largely upon the 
larvae of wasps, would seem to be 
doomed to a life of cruel punishment and 
distress; yet I saw that in attacking a 
hive of one of the fiercest wasps of this 
region, it had things all its own way. 

Snake-eating birds, which prey upon 
venomous as well as nonvenomous spe- 
cies, would appear to lead a precarious 
existence ; but a little reflection will show 
that this cannot be so. A bird like the 
Laughing Hawk {Herpetotheres oachin- 
nans ) — the Ouaco of Central America — 
whose principal, if not sole, diet is 
snakes, needs on a conservative estimate 
365 of these reptiles a year for its own 
consumption. At a nest I watched, the 
male brought a snake every morning and 
evening for his mate and downy nest- 
ling ; whence I conclude that a breeding 
male must capture upwards of five hun- 
dred serpents in a year. In order to 
make so many successful attacks upon 
snakes, he must be a master of his art, 
not an experimenter or a bungler. He 
must know to a nicety which snake he 
can safely seize, and which is too pow- 
erful for him. Although little is known 
of the rate of reproduction of these 
hawks, it appears to be slow, indicating 
that the adults are long-lived. The poets 
delight in describing long-continued, 
spectacular conflicts between the eagle 
and the serpent it has grasped in its 
talons — ^none more thrilling than that 
which opens the first canto of Shelley’s 
"'Eevolt of Islam.” It seems a pity to 
east doubt upon the factual accuracy of 
such stirring passages in poesy; yet in 
the interest of truth I must record that 
I have seen hawks and eagles sailing 


through the air with snakes in their 
talons more times than I can recall, and 
always the serpent, far from endanger- 
ing the life of its captor, hung a helpless 
victim in his talons. We may recall that 
in some of the great serpentaria where 
antivenins are prepared, the attendant 
who allows himself to be struck by one 
of the snakes under his charge is deemed 
guilty of unpardonable carelessness, and 
suffers a pecuniary fine in addition to the 
painful treatment for snake-poisoning. 

Those wasps which store up paralyzed 
tarantulas or other great spiders as pro- 
vender for their larvae appear also to 
engage in a desperate business; but in 
reality, as the studies of Petrunkeviteh 
and others have shown, the spiders are 
terror-stricken at the approach of these 
skillful huntresses, and fall almost un- 
resisting victims. Perhaps the terror of 
the rabbit when cornered by the weasel, 
and of small birds when overtaken far 
from cover by a hawk, is typical of all 
animals when face to face with the crea- 
tures that habitually prey upon them. 

But the most skilled experts at times 
make mistakes at their trade; so these 
hunters of large or dangerous creatures 
sometimes misjudge their prey and pay 
dearly for the error. An example of 
this is the Osprey who sinks his talons 
into the back of a fish heavier than he 
can lift, and is drawn under water and 
drowned by the intended meal. Once I 
saw a Laughing Hawk pounce down 
upon a large black-and-yellow mica 
crawling through a pasture. The snake 
reared up ; the hawk, evidently surprised 
by its length, at once took flight and did 
not repeat the attack, not caring to risk 
its neck in an encounter of uncertain 
outcome. Such mistakes appear to be 
rare in the lives of hunting animals. 
Their slow rate of reproduction, as com- 
pared with that of the' creatures upon 
which they prey, is proof of this. 

Last October, at the edge of the forest 
beside my house, I saw the act of the 
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Laughing Hawk and the mica repeated 
in all its essential details, but with actors 
of far smaller size. A female Tyramiine 
Antbird (Cercomacra tyrannina), an 
insectivorous bird about the size of a 
sparrow, had discovered a big, brown, 
hairy spider in its lair between two 
leaves it had bound together with cob- 
web. When threatened by the antbird, 
the spider raised its four front legs, 
keeping the two on each side together 
except at their tips, where they were 
slightly separated, so that the legs 
jointly bore considerable resemblance to 
the pincers of a scorpion. Whenever 
the bird drew near, the spider waved 
these raised and threatening appendages, 
and then she would draw back. It was 
clear that the little antbird was tempted 
by this large and succulent morsel, and 
it was just as plain that she feared it. 
Perching at a respectful distance, she 
stretched forward her neck to seize it 
in the tip of her bill, but she did not 
stretch quite far enough. Finally pru- 
dence overweighed appetite, and the bird 
flew off in search of less formidable 
game. The spider measured possibly 
two inches across the spread legs, and 
was a big morsel for a bird only five 
inches long. 

The prudence of the foraging Wren- 
tit (Chamaea fasciata) is described by 
Dr. Erickson in her monograph of this 
little bird of western North America: 

The attack on larger prey, suqIi as centipedes 
two or three inches long, as seen in caged birds, 
is a prolonged process which combines dexterity 
and speed. The lashing centipede, to a wren- 
tit, is formidable and inspires obvious fear. It 
is circled and watched at length, and often suc- 
ceeds in disappearing into the leaves. Other- 
wise, the bird finally recognizes an opening, 
there is a quick thrust, grab, and toss, the cen- 
tipede lands several inches away, and the tac- 
tics are resumed. With each attack the vigor 
of the prey is reduced. Finally, the wren-tit 
dares hold it with foot or bill. . . . Once, a 
captive wren-tit pulled to pieces and ate in the 
course of half an hour a very active four-inch 
angleworm, an operation which was not re- 
peated though the opportunity was often pro- 
vided. It was accomplished with extreme awk- 


wardness, both because of the obvious fear of 
the bird for the twisting worm and because 
when a grip was secured the slimy length 
pulled through the grasping foot. 

Further evidence of the habitual pru- 
dence of birds in choosing their prey is 
found in the eyemarks of many caterpil- 
lars, notably those of the swallow-tailed 
butterflies (Papilio), their habit of rais- 
ing their foreparts or lashing from side 
to side when threatened, and similar 
markings and attitudinizings of small 
creatures that are perfectly harmless 
and apparently quite good to eat. It 
would be difficult to account for the 
evolutionary development of such de- 
vices were they not at times effective in 
frightening away hungry but timid 
birds and perhaps other insect-eaters as 
well. Several observers have described 
the startled behavior of small birds that 
suddenly came face to face with the 
wide-eyed, serpent-like mask of the cater- 
pillars of the Tiger Swallowtail and re- 
lated species. 

In times of scarcity and famine, a dif- 
ferent story must be told. Then, half- 
famished animals are driven to take 
unequal chances to procure the means 
of continued life. Wolves attack vil- 
lages, braving the deadly weapons of 
men; animals ordinarily cautious are 
lured into traps. But these are excep- 
tional circumstances. 

Yet occasionally, even when there ap- 
pears to be no dearth of food, creatures 
of two species will engage in long, fierce 
conflicts of which food is the coveted 
prize. Social insects, especially ants 
and bees, seem most frequently to wage 
such deadly battles. At times bees of 
two kinds join in hottest warfare, one 
seeking to carry off the sweet stores of 
the other. The dead and dying bestrew 
the ground, opponents locked together in 
deathgrips. Or else ants attack a hive 
of bees, which valiantly defend their 
home, slaying many of their adversaries, 
but paying several lives for one. Such 
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struggles appear at first sight to present 
exceptions to the ‘"Law of Prudence/’ 
but the exceptions are more apparent 
than real. In all the battles of this sort 
that I have witnessed, the opposing hosts 
were rather evenly matched ; and if one 
lost more heavily than the other, it had 
more soldiers to spare. Each side had 
a prospect of victory. If the attackers 
won and carried off the booty, they paid 
for it with many lives. But then the 
hive’s stores of nectar are gathered only 
at the price of the workers which wear 
out their lives in quest of it. Perhaps, 
after all, a full storehouse won by a vic- 
tory in which many lives are sacrificed, 
costs less per drop than nectar slowly 
gathered from its primary sources in 
pacific fashion. And if the defenders 
are victorious and save their hive at the 
expense of many of its inhabitants, the 
survivors carry on the work of rearing 
the young brood. Their situation is 
quite different from that of more soli- 
tary animals j comparable to that of man. 

There are two reasons, then, why we 
should not expect to see birds engage 
often in life-and-death struggles in the 
defense of their nests and young. First, 
were they to resist habitual predators 
more powerful than themselves, the ex- 
istence of their kind would be placed 
in jeopardy. Second, they are not often 
called upon to do more than threaten 
weaker animals that approach the nest, 
for these would jeopardize the existence 
of their species if they attacked stronger 
creatures in their quest for food. So 
long as more certain prey is available, 
animals prefer not to attack others that 
are an even match for themselves. 
Sometimes, of course, a weak marauder 
attempts to rob a nest in the absence 
of its owners, and is put to ignominious 
flight by their sudden return. 

Some years ago, I spent many hours 
watching a nest of a pair of Laughing 
Hawks, situated a hundred feet above 


the ground in a cavity in the trunk of a 
huge tree standing at the edge of the 
forest. Through field glasses, I could 
sometimes see a single downy nestling, 
huff-colored with a black mask like that 
of the adults, as it tumbled about in its 
lofty nursery. The mother hawk passed 
most of the day sitting in the cavity 
beside the nestling, and during her brief 
absences went no farther than a tree in 
front of the doorway, whence she could 
keep an eye upon her youngster while 
she preened, scratched, and stretched her 
wings. The male hawk brought all the 
food, arriving morning and evening with 
a snake from which he had already bit- 
ten the head. Alighting upon a bough 
in front of the nest, he would call his 
mate to come out and receive the prey. 
Then the two would celebrate the event 
with a long-continued duet of loud, far- 
carrying cries. 

One afternoon, while the female hawk 
rested in the tree in front of the nest, I 
suddenly became aware that a long, 
black tayra — a larger relative of the 
weasels — was climbing squirrel-like up 
the great trunk toward the eyrie. He 
advanced toward the cavity in a direct, 
unhesitating fashion, as though he had 
already spotted it from the ground. The 
Laughing Hawk failed to notice the 
beast, or at least gave no outward indi- 
cation that she had seen him, until he 
was almost within reach of the wide 
doorway of the eyrie. I desired in- 
tensely to complete my study of the only 
Laughing Hawk’s nest I had ever seen; 
but the situation was so charged with 
possibilities of intense, dramatic action 
that, waiting breathlessly for the out- 
come, I made no move to frighten the 
advancing tayra. How effective was this 
unremitting guard the mother hawk 
kept over her offspring ? Only when the 
tayra was on the verge of entering the 
hole did the hawk bestir herself. Then, 
uttering a low cry, she darted directly 
toward him. But he snarled, baring 
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strong fangs; and slie dropped away, to 
return to her former perch. 

The hawk’s resistance was so weak and 
ineffective that it did not give me time 
to prepare for my own next move. I 
had expected that she would at least 
retard the tayra’s progress toward the 
eyrie, but he hardly altered his pace on 
her account. When she returned tamely 
to her watching post, leaving the beast 
at the very doorway of her nest, I felt 
in my situation almost as helpless as the 
little hawk in the eyrie. I could think 
of nothing to do except to shout and 
wave my arms. By continued noise and 
gesticulations, I succeeded in driving 
the tayra to the ground, but not before 
he had reached into the cavity and killed 
the nestling by a stroke of his forepaw, 

I was disappointed in the mother 
hawk’s fainthearted defense of her nest- 
ling. I had expected something more 
heroic from such watchful motherhood. 
Such attentive, unremitting guard, to 
be capped by so slight a gesture of de- 
fense! But pondering over the event 
at a later date, I saw clearly that the 
outcome could not have been other than 
it was. The Laughing Hawk, intrepid 
snake-eater though she be, is slow of 


flight and weak of talon, not to be com- 
pared in prowess with such winged 
furies as the Peregrine and the Goshawk. 
A marauding, voracious toucan or a 
squirrel might have been put to . flight, 
but she was clearly no match for the 
strong-fanged, catlike tayra. She could 
have done nothing more than offer her- 
self a sacrifice upon the altar of parent- 
hood ; and the offering would have been 
garnished by the tender body of her 
nestling. Nature could not permit such 
a sacrifice without jeopardizing the ex- 
istence of the whole race of Laughing 
Hawks — whose loss would result in a 
widespread upsetting of her balance, 
with snakes increasing and each year 
destroying a larger number of birds’ 
nests, while birds declined in numbers. 
It was more important for the Laughing 
Hawk to continue to live that she might 
make another attempt to increase her 
kind, than that she should die heroically, 
a beautiful sacrifice which could profit 
only her enemy the tayra. Among 
Laughing Hawks there are no bards to 
immortalize a glorious death for the in- 
spiration of future generations of hawks. 
Natural selection had set a limit to her 
parental devotion. 
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A MEDICOPHARMACEUTICAL 
CLASSIC 

Fharmacopoeia Londinensis of 161S. Repro- 
duced in Facsimile with a Historical Intro- 
duction by George Urdang. vii, 299 pp. 
$12.00. 1944. State Historical Society of 

Wisconsin, Madison. 

In 1914 a prominent druggist of 
Madison, Wis., Albert Henry Hollister, 
and bis wife Kittie E. V. Hollister be- 
queathed to the Wisconsin State Histori- 
cal Society a sum of money to be known 
as the Hollister Pharmaceutical Fund. 
It was decided by the Society, with the 
consent of the executor of the will, to 
use half of the income from the fund to 
reprint ‘^rare and valuable works in the 
field of pharmaceutical history and de- 
velopment.’’ 

The first reprint to be issued with the 
aid of this fund was the Pharmacopoeia 
Atigustana of 1564, which appeared in 
1927. Now the exceedingly rare Phar- 
macopoeia Londinensis has been issued 
in a magnificent facsimile edition. This 
by itself would entitle the Wisconsin 
Historical Society to receive the thanks 
of the learned world. But this facsimile 
is more than a reproduction of a rare 
old book. Preceding the text is an intro- 
ductory essay of eighty-one pages en- 
titled ‘'The History of the Pharmaco- 
poeia Londinensis^^ written by the 
brilliant and scholarly George Urdang, 
Director of the American Institute of 
the History of Pharmacy in Madison. 
In masterly fashion Dr. Urdang has 
provided an analysis of the text, relat- 
ing it not only to works that preceded 
and succeeded it elsewhere, but placing 
the work in its proper setting in the 
social, economic, and political atmos- 
phere of its time. 

The London Pharmacopoeia has a 
strange and interesting history. The 
idea for such a work seems to have first 


been recorded in the Annals of the Eoyal 
College of Physicians on June 25, 1585. 
But it was not until May 7, 1618, that 
it was finally issued. It had been 
eagerly awaited not only by the physi- 
cians and apothecaries of England but 
also by the representatives of medicine 
and pharmacy in western Europe. This 
was not because it was the first pharma- 
copoeia (there had been many earlier 
works) but because it was the first such 
work to be held as authoritative for a 
whole country, i.e., England. The many 
European compends that had preceded 
it were gotten up for municipalities or 
city-states. 

Then a curious thing happened. The 
issue of May 7, 1618, of the London 
Pharmacopoeia was suppressed, and a 
new version was made public on Decem- 
ber 7, 1618. Even a cursory examina- 
tion of the two issues shows that the 
difference between them was more fun- 
damental than the mere substitution of 
one title page for another. 

Although much has been written about, 
and many scholars have labored over, 
the problem posed by the two issues of 
the first edition of the London Pharma- 
copoeia, it remained for George Urdang 
to provide what will almost certainly 
come to be regarded as a complete, cor- 
rect, and satisfying solution to the mys- 
tery. This solution cannot be given here 
because it is too complicated to compress 
into a small space, but I am convinced 
of its soundness. 

The first and suppressed issue of May 
7, 1618, seems to have been printed in a 
small edition, and only six copies are 
known to have survived. The facsimile, 
beautifully reproduced in an edition of 
five hundred copies, is from the copy 
now in the British Museum. 

I can do no better in concluding my 
review of this noteworthy contribution 
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to pharmaceutical history than to quote 
from the final paragraph of Urdang’s 
introduction : 

Weli-nigli forgotteE and lost, deliberately mis- 
represented, tMs first issue once more makes 
its appearance before the medico-pharmaceuti- 
cal world. It has an interesting history. What 
is more, it is interesting in itself as the first 
Anglo-Saxon attempt at an ofSeial formulary. 
Moreover, it is a reliable witness of what the 
learned medical eclectics of the seventeenth 
century regarded as the necessary armament 
of the average physician and apothecary of 
their period. 

Morris C. Leikind 
LiBRiiRT OP Congress 
Washington, D. 0. 

TWO PLANT COLLECTORS IN 
BRAZIL 

Brazil, Orchid of the Tropics. Mulford and 
Racine Poster. 314 pp. 1945. $3.00. The 
Jaques Cattell Press, Lancaster, Pa. 

This recent book dealing with plant 
collecting in Brazil might appropriately 
have been given a less general title. The 
authors are well-known horticulturists, 
who in the past few years have specialized 
on the family Bromeliaceae, of which the 
best-known representative is the pine- 
apple. Their primary purpose in col- 
lecting in Brazil was to gather live speci- 
mens of plants of this family for their 
Florida garden, although plants of other 
families, especially orchids, were col- 
lected also. The expedition was emi- 
nently successful, even though some of 
the choicest plants died during the long 
sea voyage or during fumigation at the 
time of their entry into the United 
States, Fortunately, however, the au- 
thors were wise enough to make her- 
barium specimens. In this way they 
have made a worth-while contribution to 
science, for they discovered more than 
forty new species and varieties of Bro- 
meliaceae. This is not wholly surpris- 
ing, for general botanical collectors have 
been apt to neglect these plants, because, 
like the cacti and the palms, they are 
among the most difficult to preserve 
properly. They are hard to dry, and, 


although they are often very large, it is 
necessary to collect the whole plant. 
The resulting prepared specimens are 
therefore bulky and awkward to trans- 
port. 

The authors began their collecting in 
the state of Bahia, and visited especially 
Jacobina and Ilheos, one of the classic 
collecting grounds of the great botanist 
Martins. This is a region of rain forests, 
and in such habitats the Bromeliaceae 
are mostly epiphytes, or ‘‘air plants.” 
The natives usually call them parasites, 
but they are not, for they use the trees 
only as footholds. They grow so high in 
the trees that getting them is frequently 
a problem, even though some of the na- 
tives are expert tree climbers. 

After a return to Rio de Janeiro, an 
expedition was made to the little coastal 
state of Espirito Santo. Here, near a 
gigantic shaft of granite known locally 
as the “Dedo de Deus,” or “Finger of 
God,” the authors discovered a spec- 
tacular new species, which Dr. L. B. 
Smith has named Aechmea orlandiana, 
after the Fosters’ home city of Orlando. 

This first trip to Brazil ended with 
an automobile excursion to Parana, a 
region in southern Brazil floristically 
distinct from the more tropical sections. 
The following year (1940) the authors 
returned to Brazil and made trips to 
the states of Minas Geraes, Espirito 
Santo, and to the large far-western state 
of Matto Grosso. 

Plants are foremost in the minds of 
the authors, hut passing observations are 
made on insects, birds, frogs, and mon- 
keys. The comments reveal also their 
high esteem for the people of Brazil, a 
natural consequence of the friendly 
fashion in which they were everywhere 
received. The accommodations were 
rather primitive in some instances, but 
the best hospitality available was always 
offered, despite the fact that many 
Brazilians were unable to comprehend 
the authors’ interest in “parasites.” 
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The literary style of the book leaves 
much to be desired, and the numerous 
solecisms are disconcerting to the reader, 
as are the often misspelled scientific 
names. The attempts at philosophizing 
and ‘^faney writing'’ are frequently 
overdone, as for instance: ‘^In Jungle, 
the fecund mother of plant life, we find a 
peace and contentment that never knows 
the fear of storybooks. We were em- 
braced by great arms of chlorophyll full 
of the love of life, the constancy of life, 
and the nothingness of death." How- 
ever, much can be forgiven the authors 
by reason of their obvious enthusiasm 
for their subject. The book is beauti- 
fully illustrated by 137 photographs and 
four colored plates, as well as by several 
clever drawings by Mr. Foster. 

C. V. Morton 

IT. S. National Herbaeium 
Smithsonian Institution 
Washington, B. C. 

OF INTEREST TO STUDENTS OF 
SNAKES 

An Annotated Checklist and Key to the Snakes 

of Mexico. Hobart M. Smith and Edward H. 

Taylor. 240 pp. 1945. 50 cents. XT. S. 

National Museum Bulletin 187, Washington. 

The title of this book might remind 
one of the man who was reading an ency- 
cylopedia and when asked how he en- 
joyed it replied that it was interesting 
reading, but that the plot was somewhajt 
broken. 

Smith and Taylor have lavished an 
immense amount of work on what they 
state is a temporary steppingstone in a 
rapidly developing field of research. 
Their effort will not be as ephemeral 
as they believe because it is built on a 
rock of sound common sense, as indi- 
cated by the eleven-page introduction. 
The book may well serve as a model for 
future checklists as it contains many 
improvements over those with which the 
herpetologist now struggles. 

Eemembering that their book is for 
the convenience of the student, the 


authors have thoughtfully arranged gen- 
era and species alphabetically. They 
adhere to specific names unless inter- 
gradation is known to occur. A ^‘spe- 
cies" is defined as: any population iso- 
lated reproduetively, geographically, or 
morphologically, or a total ensemble of 
characters in which at least one charac- 
ter always distinguishes the population 
from all others. 

The writers explain their use of the 
terms ^'form," ‘^race," ‘‘group," and 
“section." Unfortunately, every au- 
thority has a slightly different meaning 
for some of these terms, and it would be 
much simpler to abandon them alto- 
gether. The stand on primary and 
secondary homonyms is what all herpe- 
tologists have long desired — the suppres- 
sion of only primary homonyms. The 
reason given for not suppressing secon- 
dary homonyms is that careful exami- 
nation would be required, including the 
poorest and least known portion of lit- 
erature and educational or semipopular 
works, and sanctioning the activities of 
the “professional name-giver." 

That Mexico probably has a richer 
fauna than any other area of the globe 
of equal size is their claim, based on 
K. P. Schmidt's statement that Mexico 
acted as a very important faunal paleo- 
peninsula and to a lesser extent as a 
faunal neopeninsula 1 

The body of the book is excellently 
arranged. A student who is familiar 
with the genera can most easily locate 
the page by a glance at the table of 
contents ; others can run down the genus 
in the first key. Thereafter each genus 
has its own species key. An innovation 
of interest is the inclusion of species 
under the genus heading, giving the 
total number of species and the number 
known from Mexico. 

Specifically, parentheses for authors' 
names are used only where a species has 
been transferred from another genus. 
The synonymies include a reference to 
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the original description, and original 
descriptions to all synonyms having type 
localities in Mexico ; references to known 
ilinstrations ; citation of the first appear- 
ance of the name-comhination used and 
reference to any other work considered 
pertinent. The type nnmber, locality, 
depository, and range is given for each 
species. 

Except for a complete index the book 
closes with a list of species by states. 
This list discloses that only one species 
has been recorded from Agnascalientes, 
4 from Tlaxcala, and 5 from Qneretaro, 
as against an average of about 40 or 
more for the remaining 28 states. One 
immediately wants to set off for Agnas- 
calientes, until a glance at the map 
, shows that all the three poorly repre- 
sented states are surrounded by states 
with goodly lists of species. This illus- 
trates the unfortunate necessity of using 
political subdivisions instead of ecologi- 
cal areas. If Agnascalientes had per- 
chance been inelnded as part of one or 
more of the contignons states, nothing 
ont of the ordinary wonld appear ; and, 
on the other hand, there are doubtless 
many areas larger than Agnascalientes 
that have never been herpetologized at 
all. 

The book is a ‘‘must’' for any stu- 
dent of Mexican snakes and it wiU 
doubtless remain the standard book of 
reference for many years to come. 

Chapman Grant 

San Eiego, Oal. 

A SAILOR’S HANDBOOK AND A 
WOODSMAN^S GUIDE 

Science of the Seven Seas, Henry Stommel. 

208 pp. 194:5. $2.50. Cornell Maritime 

Press, New York. 

This is a handy and concise populari- 
zation of the essential facts of physical 
oceanography and meteorology, and, con- 
sidered from those branches of science 
alone, a successful work. However, the 
treatment of Darwin’s coral reef theory 


and Wegener’s continental drift hypoth- 
esis are worse than inadequate, since 
mere mention of them without stating 
opposing views leads to the impression 
that they are the accepted theories for 
the phenomena concerned. While ad- 
mitting that he is not a biologist, the 
author appends a collection of photo- 
graphs of marine life. This part of the 
book would have been improved by a 
better selection of illustrations — the 
combination of dingy views of moth- 
eaten museum groups with Ewing’s 
interesting deepwater photographs is 
strange indeed — and the omission of 
such misleading commentaries as ‘‘Pen- 
guins are inhabitants of antarctic re- 
gions. Birds only in name, they have 
lost their ability to fly. They are very 
social and intelligent animals.” The 
bibliography is barely a lick and a prom- 
ise, and the addition of half a dozen or 
so titles would have enhanced the value 
of the whole book, for many do not have 
access to a library catalogue and are 
unable to follow the author’s casual ad- 
vice to consult one. 

J. W. Hedgpbth 

Bockport, Texas 

The Lost Woods. Edwin Way Teale. 326 pp. 

(with over 200 photographs). 1945. $4.00. 

Dodd, Mead & Co., New York. 

Edwtm Way Teale’s fine photographs 
are familiar to all readers of the natural 
history magazines, and his writing is 
commanding a growing circle of readers. 
This book, essentially an expanded note- 
book of field trips and of observations 
in his own backyard, is something of a 
miscellaneous gathering, with abrupt 
transitions from Indiana to Long Island 
beach and Florida to Walden Pond. 
Such casual treatment, when reinforced 
by personal observations and impres- 
sions, has a charm of its own, although 
it can be easily overdone. Mr. Teale, 
however, keeps his prose within bounds, 
avoiding purple passages, and manages 
to convey to the reader something of the 
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fresh wonder of his own observations. 
He realizes, as some writers do not, that 
no matter how well known something 
may be to the professionals, it is new to 
everyone who sees it for himself for the 
first time. This attitude is essential for 
all popularization of science and natural 
history, but unfortunately it seems 
rarest among professional biologists in 
this country. However, such enthusi- 
astic amateurs as Mr. Teale are doing 
very well indeed. 

J. W. Hedgpeth 

Eockport, Texas 

ENCYCLOPEDIA MALESIANA 

Science and Scientists in the Netherlands 
Indies, Pieter Honig and Erans Verdoorn, 
editors. 491 pp. Ulus. 1945. $4.00. Board 
for the Netherlands Indies, Surinam and 
Curasao, New York, 

DO not understand how any one 
can be content until he has experienced 
the wonder of the tropics.” That was 
the impression of David Fairchild upon 
first reaching Padang in 1895. And 
many have been the traveling scientists 
who have felt likewise. Quite naturally 
the tropics fall into two broad divisions : 
the Neotropics and the Old World trop- 
ics. A large and important fraction of 
the Old World tropics is the East Indies. 
Like the West Indies, the East Indies 
have been perhaps more unified in the 
realm of the Three Kingdoms than in 
the rule of their governing Kings 1 But 
from the galleon days of spice trading, 
the East Indies have been thought of, 
predominantly, as the Dutch East In- 
dies” — ^those “garden islands of the 
Great East” — and now we have a 491- 
page manual to answer queries, mark 
off the frontiers of knowledge, and 
tingle travel nerves. 

This encyclopedia for the reference 
shelf is organized in a way that will be- 
guile you into wider reading when you 
seek some particular reference, that is, 
if you permit yourself the inefficiency 


of browsing. Seventy-five authors have 
contributed to the manual, which con- 
sists of (1) original articles prepared 
expressly for the volume; (2) reprinted 
articles dealing with the development 
and status of various branches of science 
in the Netherlands Indies; (3) travel ac- 
counts and sketches or impressions, both 
early and recent; (4) serta malesiana: 
short articles, biographies, reviews, bib- 
liographies, and commentaries; and (5) 
a directory of scientific institutions, so- 
cieties, and workers in the Netherlands 
Indies at the time of the Japanese in- 
vasion. The reprinted and original con- 
tents are in the proportion of almost ex- 
actly 2:1. Yet the reprinted articles 
are commonly ones which up to now 
have not been generally accessible, having 
appeared in regional periodicals or in the 
Dutch language. The reprinted articles 
and translations have, furthermore, often 
been critically edited. Some doubt may 
be expressed as to the value of reprint- 
ing seventy-two pages of Wallace’s Malay 
Archipelago. Much of that section is 
printed in small type, conducive to eye- 
strain if read very continuously, and the 
general availability of the book renders 
it unnecessary for the ordinary user to 
consult this partial reprint. On the other 
hand, not to have reprinted Mayr’s pro- 
vocative contribution on “Wallace’s Line 
in the Light of Eecent Zoogeographic 
Studies” would have been a genuine lossl 
Yet Mayr’s original article is quite as 
accessible as Wallace’s book, if not more 
so. It is, then, rather the greater ready 
reference value of Mayr’s paper that 
makes the difference. 

Among the original articles and their 
authors, the archeologist will want to 
read : Prehistoric Eesearch (von Heine- 
Geldern) ; Piihecanthropus Studies 
(Weidenreich). For the agriculturalist 
there are; Veterinary Science and Prac- 
tice (Prickers, Haasjes and Hoskins) ; 
Horizons in Agriculture (Honig) ; Eub- 
ber Program (Coombs) ; Rubber Culti- 
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vation (Tengwell) ; and the Hot 
Springs Conference (Kiemens). For 
the geologist: Stratigraphy of Java Sea 
Sediments (Myers) ; Stmetnral, Strati- 
graphic, and Economic Geology (Stauf- 
fer) ; Contribution of Meinesz (Field) ; 
and Volcanology (Braake). For the 
physical scientist: Astronomy Eeseareh 
(Kuiper). For the naturalist: Biota 
of Tjibodas ("Went) ; Conservation of 
Wild Life (Westermann) ; and Fish and 
Fisheries Research (Herre). For the 
physician : Survey of Diseases and Clini- 
cal Medicine (Snapper). 

Among the reprinted articles, useful 
for ready reference, may be mentioned 
those on : Climate and soils, climate and 
meteorology, soils against population 
density studies, livestock and veterinary 
science, history of quinine culture, de- 
velopment of Sumatran naval stores and 
pulpwood, hydrodynamics, history of 
Buitenzorg Botanic Gardens and of the 
Zoological Museum, paleobotanical re- 
search, Rumphius, vegetation of Su- 
matra, Flora and Botanic Garden of 
Tjibodas, Massart^s Java Studies, ex- 
tracts from Fairchild's writings, mis- 
sionary medicine, beriberi, rabies re- 
search, medical education, Wallace’s 
Celebes explorations, Forbes’s observa- 
tions in the Bantam and Preanger 
Regencies, phytochemical research, to- 
bacco studies, Sumatran forest regions, 
mineral resources, and earthquakes ! 

Though the polyglot character of the 
contributions (most of them are in En- 
glish) would make the preparation of 
an index difficult, yet its absence is con- 
spicuous, especially since the contents 
are arranged alphabetically by author, 
not by subject. Thus information upon 
Teysmann appears on page 185 — ^there 
spelled ^^Teijsmann” — ^pages 232, 302, 
392, 409, and 414, but to find these ref- 
erences one must search through many 
likely articles. The reader concerned 
with the East Indies will browse widely 
and often through the whole book, for, 


lacking an index, in no other way can 
its resources be mastered. Sumptuous 
in its format, printed on heavy plate 
paper of good quality, free from print- 
er’s errors, and well bound, the book is 
of enduring beauty. The 134 text fig- 
ures and full-page plates (with fully 
documented sources) are well selected. 
Krakatao from the air is exciting. 
Many reproductions make the names of 
Nieuhof, Blume, Rumphius, and Val- 
entijn come alive. Along with the maps 
and photographs, these reproductions 
enliven a book that under less imagina- 
tive editorship might have appeared as 
musty as an old Amsterdam garret. 
From the Bird of Paradise cover medal- 
lion to the rear end-papers, this encyclo- 
pedia malesiana is a satisfying, authori- 
tative manual of importance. N.B. : 
Not the smallest satisfaction comes from 
the book’s modest price — about four- 
fifths of a cent per page ! 

In the spirit of ‘‘one world” the edi- 
tors write: “We hope there may be, 
among the readers of this volume, some 
who will feel drawn toward the Ma- 
laysian Islands, some who will feel that 
they have a training and knowledge 
which can be used there for the good of 
mankind. We also trust, and confi- 
dently, that the spirit of humanism and 
honest internationalism, unhampered by 
prejudices of race, creed, or personality, 
will guide the future of science and its 
applications in the Netherlands Indies.” 

Joseph Ewan 
Smithsoxiax Institution 
Washington, L. C. 

GLAMOURIZING SNAKES 

They Sop and Crawl. Percy A. Morris. 196 pp. 
Illus. 1945. $3.50. Jaques Gattell Press, 

Lancaster, Pa. 

There has long been a need for a 
single volume which would adequately 
treat the reptiles and amphibians of the 
northeastern states in a way compre- 
hensible to the layman or the beginning 
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student. This book mig-ht have been such 
a volume, but it is not. It claims to deal 
with the continental United States, which 
it does not do at all adequately (not a 
single Pacific Coast species is men- 
tioned), and while there is special em- 
phasis’’ on the forms east of the Mis- 
sissippi, I note the omission of two 
families and at least fifteen genera of 
this area. Among the forms not men- 
tioned are : two salamander species which 
are common in New York and in Penn- 
sylvania ; the very extraordinar}" amphib- 
ian Siren ,* the most common sea turtle on 
the northeastern coast ; and the only Am- 
phisbaenid lizard in the country. At 
this rate of omission it seems strange 
that space is given to a considerable num- 
ber of forms of the southwestern desert 
area. New England is the area most 
adequately covered, only one species 
being omitted. 

The statements about the animals 
themselves leave much to be desired if 
they are meant to be used in identifica- 
tion. There are no keys for this purpose, 
and less than half the species are figured. 
Many of the statements about range, 
habitat, habits, food, etc., are erroneous, 
and such errors occur even in the ac- 
counts of northeastern forms. 

In a work of this kind I can see no 
reason why the species of a genus or the 
genera of a family should not be grouped 
together, but this normal arrangement 
is frequently not adhered to. Classifi- 
cation is a part of the science, and it is 
just as easy and just as human” to 
treat the species of a genus one after the 
other, as it is to intersperse them with 
species of other genera, and thus abandon 
(not ^'humanize”) the scientific arrange- 
ment. 

The author seems to have relied en- 
tirely on books already written for lay- 
men. Indeed, to a considerable extent he 
seems to have been ^‘humanizing” the 
writings of Ditmars, and of books of the 
“Handbook” type, and it would seem 
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that he has not consulted some of the 
best or most recent of these. Aside from 
a quotation or two from Holbrook (over 
a century old) there is no evidence that 
he has consulted any scientific work in 
the field of herpetology; even the local 
guides to special groups such as Bab- 
cock’s Turtles of New England, Bishop’s 
Salamanders of New York, or Surface’s 
Serpents of Pennsylvania. 

Beading this book may well help to 
dispel prejudice against reptiles and am- 
phibians and “humanize” these animals. 
As an attempt to humanize herpetology, 
or as a guide to a beginning student, it 
is quite unsatisfactory. It would not be 
advisable to use the book except in New 
England. 

Emmett Reid Dunn 
Haverford College 

SOIL CONSERVATION OR WORLD 
FAMINE 

Food or Famine: The Challencje of Erosion, 
Ward Shepard, x. 225 pp. Index. 1945. 
$3.00. The Macniillan Company, New York. 
Fay Dirt — Farming and Gardening loith Com- 
posts. J. I. Rodale. x. 240 pp. Bibliog- 
raphy. 1945. $3.00. The Devir-Adair Ck)in- 
pany, New York. 

Food or famine; conservation or 
waste; pay dirt or impoverished soil; to 
plow or not to plow; to be or not to be ; 
peace or war. This is a day of drastic 
alternatives that stem from land and 
how it is used. Ward Shepard in Food 
or Famine sounds the alarm of danger 
in wastage of soil through erosion. Our 
food supply is imperiled by depletion 
and impoverishment of soil that supplies 
food and fiber, fuel and timber, and 
other raw materials for a host of things 
brought forth by modern technology. 
To undermine the productive capacity 
of the land is a calamity now and will 
become more so as demands of increas- 
ing populations grow. The world is 
faced with famine, for land has been 
misused nearly everywhere. Only in 
a few localities is the land used in such 
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a way as to assure sustained production 
from generation to generation. 

Fortunateljj there is yet time and still 
hope in recent movements for conserva- 
tion of basic resoiu'ces. The forest con- 
servation movement got under way in 
the United States a generation ago, and 
now the movement for soil conservation 
through erosion control is under way. 
Only a beginning has been made, but 
it is a beginning built on a sound foun- 
dation, both in its technical and in its 
social features. Soil and water conser- 
vation measures are the outcome of 
tested farmer practice as well as of sci- 
entific experiments. They are techni- 
cally sound. 

Moreover, the mechanism by which the 
farmer, community, state, and nation 
collaborate in safeguarding the basic 
national heritage in the soil is founded 
on democratic principles; it safeguards 
and fosters a great national resource of 
individual initiative of the people; and 
it sets the initiative going within na- 
tional objectves for the general welfare. 
This mechanism is the Soil Conservation 
District, which by state enabling legisla- 
tion becomes a legal subdivision of the 
state. Its five elected district supervi- 
sors are empowered to call on any agency, 
state or federal, to assist the district in 
conservation of soil and waters, grass, 
and woodlands or forests, and in making 
full use of each resource. 

Shepard believes this movement is 
one of the most significant in the coun- 
try today by which the findings of sci- 
ence may be put to practical use for the 
benefit not only of farmers — the cus- 
todians of the land — ^but of the nation 
as a whole. 

How far do the appalling effects of 
soil erosion, forest devastation, and river 
pollution call for the exercise of public 
controls? ■ What will the people say? 
What will the courts say? Is full con- 
servation possible by private enterprise ? 
What should be done in cases of large- 


scale land abandonment and tax delin- 
quency? How may land i^econstruction 
or restoration be financed? What is the 
value of land apart from its selling 
price ? How may public policies in con- 
servation be implemented? These and 
other questions are discussed against the 
background of American experience 
with public works, land acquisition, and 
the Civilian Conservation Corps. 

Land controls the rivers. Integral de- 
velopment of watersheds on the pattern 
of the Tennessee Valley Authority has 
many advantages in achieving full use, 
wdth conservation of interrelated re- 
sources. Objections are examined, but 
democratic participation can meet these 
objections and achieve the basically im- 
portant aims in conservation and sus- 
tained use of land, waters, and forests. 

And what about conservation and use 
of resources of the world ? 

As if in answer to some of the ques- 
tions raised by Shepard in Food or 
Famine, J. I. Eodale in Pay Dirt — 
Farming and Gardening with Com- 
posts hails a revolution in farming. 
Depleted soils may be restored and im- 
proved in their production through com- 
posting. Special emphasis is laid on 
keeping up biological processes of pre- 
paiung plant foods for crops. Dangers 
of resorting too readily to chemical 
farming as against biological farming 
are stressed. Chemical fertilizers, while 
furnishing chemical foods for plants, re- 
tard or destroy certain biological condi- 
tions that are essential to the most satis- 
factory plant and crop growth. The 
commercial farming now in vogue built 
on chemistry without due allowance for 
soil biological processes and controls is 
being challenged by practical farmers, 
soil biologists, agriculturists, nutritional 
authorities, physicians, and conserva- 
tionists. Food that must be supple- 
mented by vitamin pills is an indictment 
of modern’^ agriculture. 

The author asserts that plants that 
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get their nutrients through organisms, 
bacteria, and inycorrhiza rather than 
through chemical solutions of artificial 
fertilizers are less susceptible to attacks 
of diseases and insects. Moreover, such 
plants are purported to impart to live- 
stock greater immunity to disease. It is 
alleged that human beings nourished by 
plants grown on biological nutrients 
and by animals feeding on such plants 
are also more immune to disease. This 
relationship has been claimed before by 
Eiissell M. Wilder, but the evidence for 
so \veighty a deduction is not sufficient 
nor adequately marshalled in this book. 
While presumption for this conclusion 
is strong, there is need of further investi- 
gation to discover how far and under 
what circumstances immunity to disease 
can be traced back to biological and 
chemical relations of iDlants to soil. 

Much is made of the role of earth- 
worms in preserving fertility of soils. 
Earthworms feed on humus as they 
work, and treat soil and make it more 
1 ) reductive of plant growth. Accumu- 
lations of insecticides in soils kill much 
of the bacterial life and earthworms, 
known to be important to maintenance 
of soil productivity. 

Despite more hospitals, more physi- 
cians per capita, and the finest medical 
scientists, working in heavily endowed 
and elaborately equipped laboratories, 
draft boards rejected more than 40 per- 
cent of the nation ^s manpower for phys- 
ical unfitness, most of which was due to 
malnutrition. And now malnutrition 
may be traced back to deficiencies in the 
soil. China, by returning human and 
animal wastes to the fields, has’ sup- 
ported dense populations on the same 
land for many centuries. But in Amer- 
ica the discharge of such wastes into 
rivers, and thence into the sea, impover- 
ishes soils of mineral elements and per- 
haps of complicated oganic compounds 
significant for plant growth. 


Is our health related to the soil? is a 
question raised but not completely an- 
sw^ered. This question, however, needs 
a thoroughgoing answer. It is vital to 
national and to human welfare the world 
round — ^perhaps more than Ave know to 
peace of the world. 

Pay Dirt a challenging book; it 
would be more convincing if experi- 
mental results were the foundation of 
the author ^s conclusions rather than, 
citations of a wide range of authorities 
from many parts of the world. This 
generalized treatment of vital subjects 
will arouse interest. But there is also 
badly needed for the general public a 
clear, concise, nontechnical treatment of 
the problems and experiments. This is 
a field of scientific investigation in which 
the essential discoveries and the results 
of experiments can and should be put 
in language that laymen will under- 
stand. Thus they will become common 
knowledge throughout the population. 

Rodale in Pay Dirt leaves to others 
the questions of depletion and destruc- 
tion of the physical body of the soil 
resource by soil erosion. Accelerated 
and induced erosion, unless controlled, 
removes and sorts the soil, separating its 
fractions by more or less great distances. 
Advanced gully erosion may cut up land 
beyond use for cultivation. 

Shepard and Kodale, in these two 
books that largely supplement one an- 
other, enliven with prophetic implica- 
tions the treatment of old and new facts. 
They should stimulate more discoveries 
of science and practice in these fields. 
There is no more important problem be- 
fore the United States and the world of 
today and tomorrow than how to grow 
and increase crops on a limited land 
area for a growing world population 
with its augmented demands. 

W. 0. LoWDERMIIiK 
Soil Conservation Service 
IT. S. Department op Agriculture 
Washington, D. C. 
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THE CHEMICAL TREATMENT 
OF SEED 

Along with hybrid corn, mechanized 
cotton growing, and rustproof wheat, we 
can include protectant seed treatment as 
one of the great agricultural develop- 
ments of the past decade. 

Chemical seed treatment is not exactly 
new. In 1670 a wheat ship was wrecked 
off the coast of Bristol, England. Eco- 
nomical farmers salvaged the salt-soaked 
grain and, since it was unfit for bread- 
making, used it as seed. Shrewd observa- 
tion soon revealed that the salted grain 
produced a crop that was singularly free 
from the smut disease, and for years 
thereafter the English wheatgrowers reg- 
ularly practiced ‘‘pickling’’ their seed 
in brine. But modern research has led to 
great advances in both the theory and 
practice of seed treatment, the success of 
which is witnessed by wholesale adoption 
of seed treatment in American crop pro- 
duction. 

There are various motives for treating 
seed. Seed are often contaminated with 
spores or bacteria of plant disease, a con- 
sequence of disease in the seed crop. A 
principal reason for seed treatment is 
to destroy these dangerous seedborne 
sources of disease in the subsequent crop. 
But even a sanitary seed is not safe when 
planted in ordinary soil, which contains 
many aggressive fungi and bacteria that 
can attack the sprouting seed or delicate 
seedling before it has become a robust, 
self-supporting young plant. Chemical 
seed treatment also has the purpose of 
surrounding each germinating seed with 
a protective chemical smoke screen 
through which the pathogens of the soil 
cannot penetrate. Seed treatments for 
these purposes are termed “protectant,” 
are the subject of this discussion, and are 
to be distinguished from seed treatments 
with other ends in view. 


For example, there is the treatment of 
leguminous seed with a suspension of the 
beneficial nodule-bacteria which enable 
these plants to fix atmospheric nitrogen 
and restore it to the soil. This poses a 
problem: if protectant seed treatments 
are to be used on leguminous seed, some 
means must be found for securing the 
protectant action without interfering 
with the bacterial inoculation. 

Then there is the practice of treating 
some hard-coated types of seeds with cor- 
rosive chemicals to soften the seed coat, 
facilitate entry of water into the seed, 
and permit its prompt germination. 
This is a type of seed treatment in fre- 
quent use in the propagation of hard- 
seeded trees and shrubs. 

An old farmers’ recipe calls for treat- 
ing corn and peanut seed with kerosene, 
turpentine, or creosote in order to repel 
crows and rodents and discourage them 
from feeding on newly planted seed. 
This may sometimes succeed in its pur- 
pose, but it may have the opposite effect : 
crows have been observed systematically 
working down the planted row pulling 
up every tiny seedling in apparent hope 
of finding one free from the repellent 
odor. In this case it would have been less 
injurious had the bird dined on the first 
seeds encountered and flown away con- 
tented. 

Still another type of seed treatment 
that has made scientific headlines re- 
cently — and temporarily — is treatment 
with growth-promoting substances in the 
hope of increasing the vigor of growth 
and yields. The early, enthusiastic re- 
ports of hormone seed treatments have 
not been substantiated by later, more 
thorough, testing. Seed treatments with 
insecticides have also been advocated for 
imparting to the plant a resistance to 
insect attack. This type of treatment as 
yet has no scientific basis. Recommenda- 
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tions for its use include simultaneous 
nitrogen f-ertilization of the soil, which 
alone is probably responsible for the ad- 
vantages claimed for the seed treatment. 

Returning, then, to protectant seed 
treatments, we find their use rather 
limited until the past decade. A bi- 
chloride of mercury dip was in use for 
seed potatoes and a few types of vege- 
table seeds, formaldehyde seed treatment 
was recommended for preventing oat 
smut, and copper carbonate dusting of 
seed was the standard control measure 
for wheat smut. None of these treat- 
ments had much value in protecting 
seed from soilborne plant disease organ- 
isms: the mercuric chloride because it 
was washed off before the seed were 
planted; the formaldehyde because it 
evaporated soon after treatment; and the 
copper carbonate because of its poor 
quality as a protectant in the soil. 

With the introduction of the organic 
mercury seed disinfectants in the early 
1930’s there began a new era in seed 
treatment. These were excellent fungi- 
cides against both seed- and soilborne 
pathogens, and since they were in the 
form of dusts, the process of treatment 
was much simplified over the older liquid 
dip methods, which required subsequent 
washing or drying of the seed. 

For small grains there was a rapid dis- 
carding of the formaldehyde and copper- 
carbonate treatments and adoption of the 
organic mercury dust treatments. More 
spectacular was the wholesale adoption of 
mercury dust treatment for cotton, seed 
of which had not previously been treated. 
The figures on cottonseed treatment tell 
the story. In North Carolina the acre- 
age planted with treated seed rose from 
7,000 acres in 1935 to 600,000 in 1939, 
and in 1941, 87 percent of North Carolina 
growers used treated seed. Similar en- 
thusiasm was reflected in adoptions 
across the other Cotton Belt states to 
Oklahoma, where, in 1942, 80 percent of 
the growers used treated seed as com- 


pared with only 5 percent 3 years before. 
Such phenomenal adoptions are not to 
be explained by publicity alone; they 
could never have occurred had not the 
cotton farmers themselves become con- 
vinced that cottonseed treatment is a 
form of low-cost insurance that pays rich 
dividends in the saving of seed, in better 
stands of seedlings, and in higher yields. 
In the past it had been customary to 
plant ten times as much cottonseed as was 
expected to produce mature plants and 
then resort to laborious hoeing to thin the 
irregularly scattered seedlings to an even 
spacing. Now many of the cotton grow- 
ers use much less seed and plant for a 
stand,” in the reasonable expectation 
that the majority of treated seeds will 
produce healthy plants. This reduces, 
or in some cases eliminates, the cost of 

chopping,” x'educes the seed cost, re- 
leases cottonseed for oil crushing, 
and produces stronger, higher-yielding 
plants. 

General seed treatment for vegetables 
soon followed. The great pea-canning 
industry led the way, turning 100 per- 
cent to the use of seed treatment on the 
cannery farms. Hybrid corn received 
such a boost from the treatment that to- 
day practically all the seed corn pro- 
duced in the Corn Belt is pretreated 
before sale. Workers in the many experi- 
ment stations initiated cooperative, uni- 
form vegetable seed treatment tests and 
soon a flood of bulletins was released, 
with reports that nearly every kind of 
vegetable crop profits from protectant 
treatment. Sometimes the results were 
nothing short of phenomenal, with spin- 
ach stands, for example, increased up to 
1,000 percent, and yields proportionately 
increased when treated seed germinated 
under conditions favorable for seedling 
attack by plant disease organisms. Fur- 
ther indication of the acceptance of the 
practice is seen in the fact that one of the 
largest mail-order houses now offers for 
sale only treated vegetable seed. 
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With these adoptions came marked im- 
provements in the nature of the pro- 
tectant dusts. If Farmer Jones care- 
lessly leaves the lid of his seedbox open 
and his cow makes a meal of the treated 
seed, she no longer dies, as formerly 
would have been the case when the highly 
poisonous mercury dusts were used. The 
newer protectants, organic sulphur com- 
pounds, while often of equal or even 
superior effectiveness, are much less toxic 
than the mercury compounds. They are 
less likely to injure the seed if used in 
overdoses. And, best of all, both the pro- 
tectant dust and the nitrogen-fixing bac- 
teria can be applied to leguminous seed 
without interfering with the functioning 
of the latter. 

The work goes on. Still newer, better, 
seed protectants are in the testing stage. 
The testing is being extended to include 
seed which have not previously been 
treated as a general practice. The effect 
of treatment on retention of seed viabil- 
ity is being determined. Methods are 
being developed to determine whether or 
not commercial seed has been treated. 
The friction due to dust on seeds, which 
may interfere with free flowing of the 
seed through the planter, is being re- 
duced by changes in the composition of 
the seed protectants. Some states have 
adopted laws requiring that imported 
seed be treated. 

The amount of seed protectant used is 
often very small, perhaps .5 ounce per 
bushel of seed. If this amount of chem- 
ical — ^sometimes too small to be detected 
by ordinary inspection of the seed — ^pro- 
duces such notable results, it was natural 
to inquire whether increase in the chem- 
ical dosage would lead to further advan- 
teges. But here a difficulty arose ; there 
is a limit to the amount of dust that will 
adhere to smooth-coated seeds. 

Soon a way was found to by-pass this 
difficulty. Seed were coated with a 
sticky layer of quick-drying plastic, into 
which could be incorporated much larger 


qriantities of seed protectant than could 
be carried by ordinary seed. This prac- 
tice of “pelleting” seed has proven 
valuable in onion culture, and experi- 
ments are now under way on a broad 
scale to determine whether it is advan- 
tageous to other crops. 

There is much indication that , we are 
rapidly approaching the time when there 
will be a desirable seed protectant for 
every major crop, and when seed treat- 
ment w'ill be regarded as miich a routine 
in crop production as tillage of the soil. 

K. Stare Chester 
Oklahoma Agkicultukal and 
Mechanical College 

COMPRESSION DISTILLATION 
One of the interesting and significant 
developments fostered by the war is the 
cheap production of very pure water by 
compression distillation. Water is one 
of the commonest substances, but its 
powerful solvent action makes it very 
difficult to obtain in a high state of 
purity. The new process, originally de- 
veloped to produce battery water for sub- 
marines, not only gives a product con- 
taining less than one part per million of 
impurities by a single distillation, with 
sea water as a feed, but at a cost which 
may be less than 10 cents per hundred 
gallons. 

In 1824 Carnot set forth the principles 
of the conversion of heat into work, and 
in 1849 Joule proposed the reverse proc- 
ess as a “heat pump.” Since, however, 
heat, as such, was most easily obtained 
by the burning of fuel, the only large- 
scale application of the heat pump for 
many years was in mechanical refrigera- 
tion. Attempts to apply the principle to 
househeating have been made but have 
not proved very attractive, because the 
heat pump employs relatively expensive 
equipment and is, therefore, best adapted 
to applications requiring continuous 
operation at a constant load. Since, also, . 
the power used to deliver a given quan- 



SCIENCE ON THE MARCH 


387 


tity of heat is proportional to the tem- 
perature rise required, the heat pump 
will show its greatest economy where 
heat needs to be delivered at a tempera- 
ture only slightly higher than that of a 
source from which it can be obtained. 

After I had pondered these principles 
for twenty years, there occurred in 1935 
one of those fortunate conjunctions of 
idea and need that are commonly re- 
fen*ed to as ‘‘invention.’’ As a result 
of an investigation by Arthur D. Little, 
Inc., of problems facing the U. S. Navy, 
it was found that the Navy needed a 
better means of obtaining drinking water 
from sea water, especially on Diesel- 
driven vessels, without boilers, and for 
landing operations on desolate islands. 
I recognized that here were ideal condi- 
tions for the application of a heat pump. 
The theoretical temperature difference 
above the normal boiling point of fresh 
water required for distillation of sea 
water is only about 1° F., and the heat 
(Quantities required are enormous. The 
first crude model built in the Little labo- 
ratories produced 4 gallons ])er hour with 
a f-horsepower motor, or an expenditure 
of only 80 B.T.U. of energy per pound 
of distillate, as against 300 for good quad- 
ruple-effect evaporator plants. Conidr. 
J. 0. Huse was sent to inspect the plant 
and at once visualized its possibilities for 
submarines. After nearly two years of 
negotiations, an experimental unit was 
delivered to the U. S. Naval Engineering 
Experiment Station at Annapolis, fol- 
lowed by a shipboard unit a year later, 
and in March 1941 production models 
began to roll off the assembly lines of 
B. B. Badger & Sons Co. 

Normal operation of a compression 
still is preceded by heating to bring the 
apparatus to operating temperature and 
fill the evaporation compartment with 
steam. In regular operation, sea-water 
feed enters through a triple-passage heat 
exchanger in which it extracts heat from 
the outgoing distillate and the brine 


carrying away wuste salts. The feed 
enters the evaporator at about 207° F. 
and mixes with a relatively large volume 
of brine circulating naturally. From the 
evaporator, steam is led through an en- 
trainment separator to the compressor, 
which raises its pressure to about 3 
pounds per square inch gauge. At this 
pressure, the steam condenses at about 
222° P, Since the brine boils at 213° F., 
there is a 9° temperature differential to 
permit transfer of the latent heat from 
the condensing steam to the boiling brine. 
No separate condenser or cooling water 
is Heeded. In some of the more recent 
models, more than 175 pounds of distil- 
late have been produced for each pound 
of fuel used. 

The first units went into the new sub- 
marines being built in 1941, but by De- 
cember of that year a considerable num- 
ber of units for older submarines were 
in the Pacific area and several were 
damaged on the wharves at Pearl Harbor. 

Meanwhile, mobile, gasoline-engine- 
driven units were developed for the Ma- 
rine Corps and for the Army. These 
units became familiar and welcome sights 
to those who took part in the invasions 
of the Pacific islands and of North 
Africa. 

Although originally developed pri- 
marily as a means of saving precious 
fuel ill distant places and on shipboard, 
this process, like most fundamentally 
sound processes, proved to have many 
other characteristics which may be of 
even greater interest than its economy 
of power. Thus the units developed by 
Arthur D. Little, Inc., and B. B. Badger 
& Sons Co. are simple to operate, re- 
quiring control of only two valves, one 
for starting and one for control of the 
rate of feed of raw water. Any Navy 
engine-room rating can learn the opera- 
tion in ten minutes. Another rather un- 
expected result is the extreme purity of 
the product, which, when made direct 
from sea water, has less than one-tenth 
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of the impurities allowable under Navy 
standards for double-distilled battery 
water. It is also sterile, since all the 
vapor is heated by compression to over 
240° F. 

The industrial possibilities of extremely 
pure water at low cost are enormous. 
In the photographic field alone there is 
a great opportunity for better and 
cheaper products. Pharmaceutical and 
other chemical industries, high-pressure 
steam plants, railroads, sugar refineries, 
and even textile factories, paper mills, 
and laundries in hard-water regions, may 
find distilled water within their reach. 

Compression distillation is in its in- 
fancy. It has gone to war and made 
good. The same principles and tech- 
niques will be converted to peacetime use 
and will make pure water available 
practically anywhere on earth and for 
any purpose where real advantages 
would result from its use. 

R. V. Kleinsciimidt 

Arthuk D. Little, Inc. 

INDIAN PICTOGRAPHS AND 
PETROGLYPHS 

Of the many branches of archeology 
none appeals to the layman so much as 
^ ‘ picture writing. ’ ’ First noticed by the 
early explorers of our country, who told 
of the strange hieroglyphics they had 
seen, they were extremely interesting to 
our first citizens and were believed to 
represent some unknown language. For 
many years attempts were made to de- 
cipher these ‘‘writings’’ by comparison 
with Chinese, Egyptian, and other 
scripts. No fewer than six hundred arti- 
cles and books were written concerning 
a site in Massachusetts known as Dighton 
Rock. All such attempts were futile be- 
cause the level of writing had not been 
reached by the primitive artists, but even 
today in some sections of the country I 
have found people still trying to de- 
cipher the pictures in the hope of reading 
the message. 


No doubt most readers have seen ex- 
amples of paintings (pictographs) and 
carvings (petroglyphs) in the western 
areas in the National Parks, w'here they 
are carefully preserved. They may even 
be encountered on a Sunday afternoon \s 
drive in the country. The sites com- 
monly consist of geometric designs or 
pictures of animal and human forms, 
which were peeked, carved, or painted 
upon the hard surface of a eanyon wall, 
a boulder, or a cave ceiling. The paint- 
ings may be in any of a number of. colors, 
in many eases still as bright as they were 
a hundred years ago. These pictures 
were drawn to represent hunting scenes 
or to celebrate certain events; some are 
mere sketches with no more meaning 
than the scribbles on the wall of a phone 
booth today. The sites occur in almost 
every state where the proper rock sur- 
face presents itself and where Indians 
lived or traveled. More than 10,000 sites 
exist in America today, and there were 
probably twice as many a century ago. 
Some of the pictures are very crude and 
have no artistic value, whereas several 
sites in the Southwest have painted de- 
signs of animals that equal in artistry 
any to be found in the caves of Europe. 
The same care should be given these 
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PETROHLYPH AT ALTON, ILL. 

SITUATED ON A MISSISSIPPI RIVER BLUFF, IT 
WAS NOTED BY LEWIS AND CLARK IN THEIR 
TRAVELS. UNFORTUNATELY, IT WAS DESTROYED. 
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SOME PETEOGLYPHS THAT SHOULD BE PEESEEVED 


drawings as lias been given to those in 
Europe. 

The value of these pictures or petro- 
glyphs is very great from a scientific 
standpoint. They represent the first ex- 
amples of early American art in this 
country; their designs often give clues 
to religious ceremonies and tribal life not 
found elsewhere ; finally, their very pres- 
ence is often the only remaining evidence 
that Indians inhabited certain at‘eas. 

Because of the complex nature of 
petroglyphs and of their relation to other 
cultural remains, the field has been 
greatly neglected. Many early Ameri- 
can archeologists merely noted the pres- 
ence of unusual designs and failed to 
record adequately the less imposing sites. 
Recently, however, many papers have 
been published on the subject. J. H. 
Steward has studied many sites in far- 
Western states. In California he found 
some two hundred sites where the figures 
were present in great numbers. Prom 
the seeming haze of figures, circles, dots, 
animals, etc., Steward was able to dis- 
cover differences in both design and tech- 
nique in different areas. The possibility 
of correlating sites by a study of design 
elements led to a new interest in the sub- 
ject. In other states workers began to 
rummage through old files seeking photo- 
graphs and reports, and in the field a 
search began for new, unreported sites. 
Also it was noted that there were certain 


designs that could be called typical of 
various areas and that continued study 
of correlation would show cultural migra- 
tion and infusion. Some of the workers 
went further and compared the petro- 
glyph designs with those on pottery from 
the same area. 

The possibilities of a thorough study 
of the subject are enormous. At pres- 
ent the most exact methods of dating 
sites depend upon use of pottery rela- 



From J. H. Steward 

PAINTED CAVE, SANTA BABBAEA 


NOTE DESECEATION -OE DESIGNS BY INITIALS. 
THIS SITE IS NOW TINDER OFFICIAL PROTECTION. 
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tions and tree rings. If it were possible 
to correlate petroglyphs with these, then 
for those localities lacking pottery or 
timber the designs would help to solve 
the culture problem. 

The task facing the archeologist today 
is to locate the petroglyph sites, note the 
various designs, and by means of statisti- 
cal methods to correlate, first, the differ- 
ent sites, and then the petroglyph designs 
with those to be found on pottery, hides, 
bones, etc. When this job is completed 
a great advance in this field will have 
been made. 


While workijig on a survey of sites in 
the United States I have seen their rapid 
destruction by man and nature. In the 
eastern section of the country practically 
all the sites known fifty years ago are 
now gone or defaced. The loss of this 
material makes an accurate study of this 
region impossible. Most of the destruc- 
tion has been due ' to the building of 
homes and roads in regions once in- 
habited by Indian tribes. Unfortunately, 
in many eases no record was made of the 
sites. Today those remaining are also in 
danger of the destruction caused by natu- 
ral elements or the Sunday traveler. For 
example, in one case a schoolteacher took 
a class of children to a site, furnished 
them with paint, and allowed them to 
cover the petroglyphs witli their own 
daubs, thus ruining a good site. In other 
instances vandals have carved their 
names over the designs or tried to blow 
the designs off the surface of the rock 
Avith rifles during target practice. 

Scientists of all kinds — not necessarily 
archeologists alone — by cooperation and 
by means of their professional standing 
in their communities, can do much to- 
Avard the preservation of this material so 
vital to the complete story of mankind's 
dcA^elopment in America. Local sites 
should be pointed out to the proper 
authorities, who will then see that the 
information comes to the attention of 
trained investigators. In this way, for 
generations of Americans yet unborn, 
their rightful heritage of a valuable his- 
torical record will be made more secure. 

R. M. Tatttm 

Annapolis, Md. 


VALEDICTION 


ARTHUR MANGUN BANTA 

Dr. Arthur M. Banta, Emeritus Pro- 
fessor of Biology iu Brown University, 
died on January 2, 1946, at the age of 
sixty-eight. He had retired from active 
service in June 1945, planning to devote 
all his time to the conduct of his research. 

I first met Dr. Banta in 1916 when at 
the end of my sophomore year I went 
with H. E. Walter to the summer labora- 
tory at Cold Spring Harbor. Dr. Banta 
was there at the Station for Experimen- 
tal Evolution of the Carnegie Institution. 
Our class in Field Zoology was taken to 
the Station to see Dr. Bantams cave. As 
he told us about his experiments, his 
friendliness and enthusiasm made a last- 
ing impression on me that has grown 
with the more intimate association of 
recent years. A sincere and cultured 
gentleman, a competent scientist, he be- 
came a valued member of our faculty 
at Brown. 

The artificial cave beneath the main 
laboratory at Cold Spring Harbor was 
the outcome of a project he started as a 
graduate student at the University of 
Indiana. He had come under the influ- 
ence of C. H. Eigenmann who set him 
the task of studying the fauna of May- 
field’s cave. His holidays were spent in 
making an exhaustive study of the in- 
habitants of this cave and of their habits. 
This led him to the problem of the origin 
of these forms with their striking adap- 
tations to a peculiar habitat. The ques- 
tion of the role of the environment in the 
transformation of organisms confronts 
the investigator most insistently in the 
study of these adaptations. It was this 
question that became the focus of his 
research interest for life. His study was 
later published as Carnegie Institution 
of Washington PulUcation #67 (1907). 


He took his Ph.D. degree at Harvard 
in 1907 and for two years was Professor 
of Biology at Marietta College. When 
Dr. C. B. Davenport became director of 
the station for Experimental Evolution 
at Cold Spring Harbor, the work of Dr. 
Banta fitted so well into his program 
that he invited him to become a member 
of the staff and built for him the arti- 
ficial cave under the main building. 
Working in this cave, Dr. Banta at- 
tempted through generations of breeding 
to produce inheritable adaptations in 
forms usually living in the light. He 
used crustaceans especially. He finally 
became convinced that within the con- 
ditions of his experiment permanent 
transformation of the organisms would 
not occur. 

He was led thus to study variation and 
inheritance in Crustacea and selected the 
small, rapidly-breeding Cladoeera as ma- 
terial. Their parthenogenetic reproduc- 
tion made it possible to establisli clones 
and thus to investigate the variation 
within a genetically uniform stock. In 
a relatively short time many generations 
with large numbers of individuals could 
be examined. Publication #305 (1921) 
of the Carnegie Institution contains the 
results of his attempts at selection within 
clones on the basis of a single physio- 
logical character — reaction to light. His 
results he interpreted in terms of muta- 
tions. 

His work with the Cladoeera led him 
to an investigation of the role of environ- 
mental factors in the control of the repro- 
ductive processes. By control of such 
factors he was able to induce the produc- 
tion of males and of sexual reproduction 
in parthenogenetic lines. Many years of 
work on this and other related subjects 
were summarized in his monograph 
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Carnegie InsUhiiion Puhlication #513 
(1939). These books summarize and 
analyze the many papers that were the 
prodiict of his life of research. 

He came to Brown University in 1929 
as visiting professor to take charge of my 
courses in Experimental Biology during 
my leave of absence. On my return he 
was made a permanent member of the 
staff and from then to his retirement 
taught courses in Experimental Evolu- 
tion and in the Biology of Sex to enthusi- 
astic classes of advanced students. Dur- 
ing these years he had many graduate 
students who worked for the most part 
on problems connected with his research 
on the Cladocera. His students and col- 
leagues found him always interested in 
them, and never too busy to discuss their 
problems with them. 

On his retirement, he planned to con- 
tinue his research on the Dauermodifica- 
tion — or ‘‘carry-over effects’’ — effects 
that endure over several generations 
after the causative factor has ceased to 
operate. His preliminary observations 


on this had been discussed in his mono- 
graph. He had obtained a grant of 
funds to carry on the work and was opti- 
mistically settling down in new quarters 
in our Biology Annex to many years of 
concentrated work. It is indeed unfor- 
tunate that his plans were not realized. 
The loss to science in such unfinished 
projects is irreparable, for the momen- 
tum and insight that comes with long 
years of familiarity and experience with 
the material and problems may never 
come again. 

His death was wholly unexpected by 
all of us. He seemed in full vigor of 
health. Throughout the war he had con- 
ducted a successful and outstanding 
victory garden along with the rest of the 
faculty gardeners on the periphery of 
the college baseball field. We were look- 
ing forward with pleasure to having his 
kindly influence in our academic family 
for years to come. With deep regret we 
record his passing. 

J. Walter Wilson 

Brown University 



COMMENTS AND CRITICISMS 


On Grant’s Fish Story 

I have "been followizig the explanations put 
forward by writers as to what caused the for- 
mation of the Carolina Bays. 

The latest article, appearing in The Scien- 
tific Monthly for December 1945, by Chapman 
Grant, ‘‘A Biological Explanation of the Caro- 
lina Bays, ^ ’ in my opinion, fails to explain the 
formation of these flat, sandy basins, wliich 
would attract spawning fish. 

To me there would seem to be a simple cause 
of these silted areas and I am quoting from the 
above article to prove my point. According to 
Grant on page 444: ^^The shallows received 
some surface runoff and in addition it has 
numerous artesian springs welling up through 
holes in the impervious layer. These springs 
were of various sizes, but were not necessarily 
large. ’ ’ 

If there are numerous springs in this area it 
is reasonable to suppose that in the last great ice 
age they were both large and active and, be- 
cause of land slippage, they would well up and 
change position from time to time. Hence, the 
depressions filled with sand that are so numerous 
in this area. Tidal current constant in direction 
would account for the shapes; drainage of the 
area would also help. The irregular bays are 
to be expected where harder strata is met with 
which would resist the scouring action of the 
springs. 

Anyone who will examine areas where even 
the smallest spring occurs in a flat, porous ex- 
panse will see bays formed by these springs 
similar in many respects to the Carolina Bays. — 
Kenneth C. Alexander. 

I had thought that I was the only contributor 
to the Monthly who told big fish tales, but 
Mr. Chapman Grant has left me at the post. I 
knovr a good deal about fish behavior, particu- 
larly the breeding and nesting habits, but his ex- 
planation of the Carolina Bays is a new thing 
to me. I suspect that Professor Johnson, who 
before his death was for many years at Colum- 
bia University, has been making rapid revolu- 
tions in his grave at this explanation. There 
must be hundreds, if not thousands, of ^ ^ bays ^ ’ 
in the eastern part of North and South Carolina 
and probably in the northeastern part of 
Georgia. To make all those ^'bays, the fishes 
must certainly have worked overtime — Satur- 
days, Sundays, and nights— to do this job. 

I spent ten summers at the Fisheries Dabora- 
tpry at Beaufort, N. C., and seined all over the 
sounds round about. I know the fishes of the 


region xjretty well, but I never found any of 
them behaving as Mr. Grant suggests, even 
back from the sounds in the fresh-water inlets. 
I also spent four summers at the Carnegie Insti- 
tution Laboratory, Dry Tortugas, Fla., and 
watched fishes there in the shallow bays and 
inlets in the coral islands, but I have never seen 
anything like this explanation of Grant’s nor 
have I found anything in the literature, although 
I have been a fish bibliographer for forty 
years. — E. W. Gxjdger. 

As a newly elected member of the AAAS, I 
was badly jolted to read in your December 1945 
issue ^^A Biological Explanation of the Caro- 
lina Bays” by Chapman Grant. Certainly an 
article which shows such a scant knowledge of 
geological processes and such a studied disregard 
of biological data should not he published in 
The Scientific Monthly on a subject which 
is essentially geological. It simply excites ridi- 
cule for the publication and lowers the standing 
of the AAAS as a serious scientific body. 

It is quite true that the origin of the Carolina 
Bays has not been satisfactorily explained by 
the theories advanced to date by Johnson, Mel- 
ton, and others. However, the geologists and 
other scientists who have heretofore attacked 
the problem have given earnest scientific con- 
sideration to all the conditions which obtained 
at the time of the development of the ^‘bays,” 
and have drawn their conclusions with due re- 
gard to these conditions. Thereby, an accumu- 
lation of fact and scientific deduction has been 
built up which may well assist in a final solution 
of the problem. To this accumulation, Grant’s 
fantastic statement adds nothing but a confus- 
ing cloud of irrational conclusions which are 
given an aura of authenticity by appearing in a 
publication which contains the word ^ ‘ scien- 
tific ’ ’ in its title. 

It is my opinion that the technical publication 
of a society which purports to advance the cause 
of science, should take every precaution to pub- 
lish only those papers which a qualified group 
of men have selected to carry out the purposes 
of the society. — John L. Ferguson. 

Perhaps our readers should be reminded 
that we rarely publish new and untested 
hypotheses. Major Grant’s fish story seemed 
to us to be such a tour de force of the imagi- 
nation that we could not resist it. So our 
knuckles have been rapped again. Our fu- 
ture experiments in the SM will be made in 
other directions. — Ed. 
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Humanism 

111 a very interesting letter (SM, January 
1946) on *^The Social Significance of Jewisli- 
Cliristian Intermarriage^^ George Wolff advo- 
cates the merging of the Jews with the peoples 
with whom they live by means of biologic union, 
accompanied by a '^spiritual fusion'^ to be 
brought about by an ^Gictual reconciliation and 
reunion of the Old and New Faith.’’ 

While the intermarriage part of the program 
is perfectly clear and one which appeals as an 
eminently rational aiiproach to the resolving of 
the age-old strains of Jewish-Christian relation- 
ships, that part of the program relating to a 
'^reconciliation and reunion” of "the Old and 
New Faith” seems vague and impractical. It is 
difficult to see how such a reconciliation can take 
place unless the Jews adopt, or the Christians 
give up, Jesus, either of which would not be a 
reconciliation but rather a conversion. 

From a practical, as well as from a scientific 
viewpoint, another method of attaining the de- 
sired ^ ^ spiritual fusion ’ ’ would seem far prefer- 
able. As Wolff remarks, both the Jewish and 
Christian religions have the same basic ethical 
ideals; and from any objective modern stand- 
point it must be conceded that the moral content 
of religions is the only lasting contribution that 
they have made to man’s advancement. How- 
ever important the myths, fables, and folklore 
which make up the supernaturalist trappings of 
religions and which encrust their ethical ideals 
may have seemed in the past, they have now 
ceased to have any further social value — unless 
the furnishing of a livelihood for their profes- 
sional advocates may be so termed. 

Thus the discarding by both Jews and Chris- 
tians of all supernatural, traditional, and folk- 
way elements of their faiths, and the uniting of 
their identical moral code, recognizing it as the 
natural result of man’s social progress, and 
divorcing it from fanciful ideas of a "divine” 
origin, would not only "spiritually fuse” Jews 
and Christians, but would bring the religious 
ideas of both squarely in line with current scien- 
tific knowledge. They would, as scientific hu- 
manists, then be able to live together har- 
moniously. Their respective religious myths 
would be relegated to the archives of history 
along with those of other ancient peoples, in- 
stead of being constantly reiterated by inter- 
ested groups for the purpose, or at least with 
the result, of creating discord and ill will. 

This method of approach would not only solve 
the so-called "Jewish problem,” but also the 
"Protestant problem” and the "Catholic prob- 
lem, ’ ’ with great benefit to all concerned. And 
if the Western world would have enough good 
sense to adopt this solution, perhaps it would 
serve ^s an example for the Near Eastern as well 


as the Oriental peoples similarly to solve the 
"Mohammedan problem,” the "Hindu prob- 
lem,” the "Buddhist problem,” and all the 
other ' ' problems ’ ’ raised by religions, by which, 
from time immemorial, the peoples of the world 
have been divided, and have been kept divided, 
into antagonistic groups. — Hakold R. Rafton. 

Jest for Fun 

In the public prints a few weeks ago I noted 
a United Press dispatch, originating from some- 
where in New Jersey, that gave me serious pause 
and that I think may be of interest to those of 
your readers who arc also writers of one sort 
or another. It read as follo’ws: "The late 
Albert Payson Terhime is continuing his literary 
work beyond the grave, his widow said today. 
Already he has dictated three books to her, she 
said.” 

This came, you understand, right on the heels 
of the atomic bomb, and being still somewhat 
stunned by that disaster, I was a bit slow, I fear, 
in fully realizing the implications of tliis second 
calamity. Finally, however, I was impelled to 
address a few lines to Mr. Terhime himself and 
to others of the supernatural brotherhood wdio 
also may be carrying on empyreal literary activi- 
ties and in whom the well-known cacoethes 
scribcndi may be threatening to break out in 
new and dangerous ectoplasmic rashes. My 
hope is that the apprehension that the following 
couplets convey may, through your widely read 
pages, reach the addressees in time to do some 
good : 

Souls of writers dead and gone, 

What Elysium have ye known . . . ? 

When your friends laid you away, 

Weren’t you laid away to stay, 

Or, in manner ghostly clever. 

Are you going to write forever? 

Even though we like your stuff, 

Isn’t one lifetime enough? 

Must there be, without restriction. 

All this otherworldly fiction, 

Or, indeed, what might be worse, 
Ultra-cemetery verse? 

Shakespeare, Milton, Jonson (Ben), 

Are you going to start again? 

Goethe, Dickens, Eugene Sue, 

Won’t there be an end of you? 

And there’s this predicament — 

Where shall royalties be sent? 

To avoid such complications 
Please seek other occupations; 

. Dead men tell no tales, you know . . . 
Anyhow that once was so. 

Incorporeal authors, han’ts, 

Give us living guys a chance! 

Paul H. Oehses 



396 


THE SCIENTIFIC MONTHLY 


THE BROWNSTONE TOWER 

April has been 
officially designated 
as the month dur- 
ing which an at- 
tempt will be made 
to arouse the nation 
to fight cancer with 
all its available re- 
sources of money, 
knowledge, and in- 
telligence — to fight 
cancer with cold fury and warm cash as no 
disease was ever fought before. Can there 
be any mature person who has not seen a 
relative or friend struck down in his prime 
by cancer? To the agony of the victim is 
added the terrible helpless distress of the one 
who loves him most. The time comes when 
morphine must be used to ease the way to 
the permanent relief of death. But there is 
no relief for the memory of those who sat by 
ffie bedside— no relief except to fight cancer 
in person or by giving financial support for 
education and research to the American 
Cancer Society. 

In our leading article in this issue Dr. E. 
V. Cowdry has explained the complexity of 
the cancer problem. It .seems unlikely that a 
single specific drug or treatment will be 
found for the group of diseases called cancer. 
But, on the other hand, it seems certain that 
intensive cooperative research on predispos- 
ing factors, early detection of the disease, 
and possible treatments will disclose ways and 
means of arresting cancer supplemental to, 
or replacing, methods now in use. Let no 
one suppose that surgery and X-ray treat- 
ments, even when promptly applied, guar- 
antee protection against the spread or re- 
crudescence of cancel^. Too often they offer 
only hope, to be followed by bitter disap- 
pointment. 

Tile success of cooperative researeli on 
weapons, particularly the development of the 
atomic bomb, has caused people to believe 
that any complex problem can be solved by 
scientists if a large enor^h number of them 
are put to work on it and given millions of' 


dollars of borrow<'(l money. Let me point 
out that complex biolog’ieal, problems, such 
as cancer, are likely to be more recalcitrant 
than difficult physical problems because the 
former involve a larger number of factors, 
some only vaguely recognized and some that 
are extremely difdcult to pleasure. Although 
largo sums of money are necessary for cancer 
research, it is still more important to bring 
into the work the most talented investigators 
available and to steer promising young men 
toward a career in su<di research. As the 
pioeedures of the Cavil Service Commission 
were not designed to discover' and recruit 
scientiiic talent and as some good investiga- 
tors do not thrive in Government labora- 
tories, it would be inadvisable to depend 
entirely on the Government for the prosecu- 
tion of cancer research. Furthermore, the 
spending of Government money, except in 
time of war, is not conducive to a sense 
of urgency and I’csponsibility for results. 
Therefore, it is highly desirable that a large 
part of future cancer research be done in 
private institutions by means of funds pri- 
vately contributed. In this way also contrib- 
utors will have the satisfaction of personal 
participation in a war against cruel and 
premature death. 

Although the American Cancer Society 
was founded in 1913, it was not until last 
year that any substantial sum was raised for 
a nationwide attack on cancer. From 
$4,000,000 contributed in 1945 a large 
amount was appropriated for research for 
the first time. In 1946 the Society plans to 
raise $12,000,000 of which 60 percent will be 
retained within the contributing states for 
cancer education and improvement of medi- 
cal services to cancer patients. A part of 
the remaining 40 percent will finance a na- 
tional program of cancer research under the 
supervision of a committee of the National 
Research Council. Thus a scientific general 
staff will tie together the work done in differ- 
ent institutions. If the campaign is success- 
ful, no capable investigator or no promising 
lead in research should lack effective financial 
support. ^ 

F. L. Campbell 
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AMERICAN ROAD MAPS AND GUIDES 

By WALTER W. RISTOW 

MAP BIVIkSXON, new YORK PUBLIC LIBRARY 


To MANY Americans the end of the 
war, with the removal of restrictions on 
gasoline, tires, and automobiles, means 
freedom to travel. Soon the concrete 
and asphalt arteries of our land, vir- 
tually deserted since 1941, will be pul- 
sating again with the movement of mil- 
lions of ears. It is interesting to note 
that this return to the highways comes 
as the automobile industry is celebrating 
its golden jubilee, 

A half-century ago, on Thanksgiving 
Day 1895, the Chicago Times-Herald 
sponsored a $5,000 auto race, and this 
historic event, which attracted a number 
of contestants, decisively demonstrated 
the superiority of the gasoline car over 
other types of self-propelled vehicles. 
Winner of the race was J. Frank Dur-, 
yea, who drove a car designed by him- 
self and his brother Charles. 

The 1895 race was originally planned 
for November 2, but postponement was 
necessary to the later date. However, 
a consolation race was held on November 
2, with a Mueller-Benz and the Duryea 
ear the only contestants. The latter 
ended up in a ditch in a vain attempt 
to dodge a farm wagon, but the Mueller- 
Benz completed the 92-mile course from 
Jackson Park, Chicago, to Waukegan, 
and back to Lincoln Park. 

A map pi'inted in the Times-Herald^ 
tracing the course of the November 2 


race, is believed to be the first road map 
prepared for the specific use of Ameri- 
can motorists. It was reprinted in the 
initial number of the Horseless Age 
magazine of November 1895. The route 
of the Thanksgiving Day race was also 
outlined on a map in the Times-Herald 
and reprinted in the December 1895 
Horseless Age. Thus, automobile road 
maps, too, celebrate their fiftieth anni- 
versary. 

The story of the automobile during 
the past 50 years is an interesting one, 
and the parallel development and evolu- 
tion of the American automobile road 
map is no less fascinating. The excel- 
lent and attractive maps distributed free 
by the millions today are as superior to 
the two just described as are the modern 
streamlined passenger cars in compari- 
son with the gas buggy driven by Pranlc 
Duryea half a century ago. 

As we travel over the miles of excel- 
lent highways of the United States to- 
day, it seems incredible that less than 50 
years ago hard-surfaced roads existed 
only in and around the larger cities. 
This was a result of the almost complete 
dependence upon railroads for long-dis- 
tance transportation during the last half 
of the nineteenth century. During these 
years, highway construction was almost 
nonexistent. Under such conditions, of 
course, there was no need of road maps, 
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and virtually all the transportation maps 
of this period feature railroads and dis- 
regard roads entirely. 

Shortly before 1890, with the inven- 
tion and improvement of the new 
^ ^safety'’ bicycle, there appeared the 
first faint indications of a new era in 
transportation. The growing popularity 
of the sport of cycling, principally 
among fashionable and wealthy young 
men and women in the eastern cities, 
gave birth to the revolutionary idea of 
traveling for pleasure. 

But to these pioneer cyclists, ^‘travel- 
ing for pleasure’’ was an ideal seldom 
attained. The roads were in wretched 
condition, highways unmarked, road 
maps nonexistent or unintelligible, and 
the country folk antagonistic or, at best, 
indifferent to the misfortunes and tribu- 
lations of the amateur wheelmen. Fol- 
lowing a hazardous Sunday outing, 
perhaps, one contemporary cyclist, Wil- 
der Grahame (Good Boads, 2(3) ; 199. 
1892) was moved to compose the follow- 
ing lines: 

The pathway of life may be narrow and steep, 
But the roads through the country are steeper. 
The pitfalls and snares that beset us are deep, 
But the mud that surrounds us is deeper. 

Receiving no help from outside sources, 
the bicyclists organized in 1880 as the 
League of American Wheelmen, and thus 
united they carried on a vigorous cam- 
paign for improving and marking the 
public roads. Travelers in the eastern 
United States also profited from the 
pioneer efforts of the L.A.W. in pub- 
lishing road maps and guides. 

Fortunately, by 1890 the United 
States Geological Survey had published 
topographic quadrangles for large por- 
tions of the northeastern states, and 
these ‘maps were used by cyclists and 
also constituted the source of informa- 
tion for most commercial maps and 
guides. Walker’s sectional maps of New 
England, New Jersey, and New York, 
widely used by cyclists during the nine- 


ties, were almost exact copies of the 
government maps. 

In 1888 Charles G. Huntington 
brought out The Cyclwfs Road-Book of 
Connecticut for the Connecticut division 
of the L.A.W. This publication, which 
included 9 individual county maps, 
bicycle laws, lists of hotels, road direc- 
tions, and other useful information, may 
have been the first of the modern Amer- 
ican tourist guidebooks. A similar work 
The CycluCs Road Book of New Jersey 
was published by Henry A. Benedict in 
1890. 

Other guidebooks issued by and for 
the L.A.W. and covering New England, 
New York, Pennsylvania, and New Jer- 
sey soon appeared. As the cyclists in- 
creased in numbers, various private pub- 
lishers also prepared maps and guides, 
which ranged in price from 25 cents to 
$2.00. Rand McNally & Company, still 
one of the leading names in the road map 
field, published road maps and guides 
for cyclists as early as 1894. 

After 1905 few, if any, bicycle maps 
and guides were published, for a new 
wheeled vehicle, the automobile, had 
won the interest and affection of the 
amateur mechanics and young spor_ts- 
men. The L.A.W. lost members and in- 
fluence as the new motor-propelled ve- 
hicles increased in number and quality. 
But to the pioneers of that energetic 
organization motorists owe a lasting debt 
of gratitude, for it was largely because 
of the improved highways resulting from 
the L.A.W. “Good Roads” movement 
that the early experimental motor cars 
were able to move easily through the 
countryside. 

Self-propelled vehicles were • in exis- 
tence as early as the beginning of the 
nineteenth century, but it was not until 
1895 that the manufacture of automo- 
biles really became established. For the 
next 10 years bicycling and motoring 
shared the interest and attention of 
wealthy and adventurous young Ameri- 
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cans. It was natural that the early 
motorists should avail themselves of the 
maps and guides prepared originally for 
cyclists. They, however, soon found 
these inadequate, for, as one automobile 
enthusiast of this period noted: ‘‘Koad 
maps are not very helpful, as they are 
usually made for wheelmen. A road 
may be good for bicycles, as they need 
only a narrow strip, but an automobile 
must have wide wagon roads.’’ 

Following the example of the cyclists, 
automobile owners united in 1899 as 
The Automobile Club of America, Lim- 
ited at first to motorists within the New 
York area, the Club soon expanded to 
include members in other parts of the 
country. With the American Automo- 
bile Association (founded in 1902), with 
which it later merged, the A.C.A. con- 
tinued the campaign for better roads 
and maps started by the League of 
American Wheelmen. 

In 1900 the Automobile Club of 
America issued its first guidebook, 
which was described in the AtctomoMle 
3Iagazine as containing ‘‘a vast amount 
of information that should prove valu- 
able to all users of motor vehicles. It 
may be said that among other things, it 
contains . . . road ordinances, legal 
opinions on automobiles, lists of road 
books and maps, etc.” This early year- 
book unfortunately did not include 
maps, and several more years passed 
before the A.C.A. entered the map pub- 
lishing field. 

A year later, in 1901, the Official 
Automobile Blue Booh made its first 
appearance. Covering eastern United 
States, this guidebook included a wealth 
of useful information, as well as four 
carefully prepared maps. It set a stand- 
ard and a patteni which was followed by 
a number of other guidebook publishers. 

Although a few road maps had been 
issued separately by 1904, most of them 
before this date were printed in, or as 
supplements to, guidebooks. From this 


period, however, individual road maps 
were prepared by a number of dilferent 
organizations. In this year Rand Mc- 
Nally published its New Automobile 
Eoad Map of New York City and Vicin- 
ity. 

One of the earliest maps issued by 
the American Automobile Association is 
a small road map of Staten Island, N. Y., 
which is dated 1905. The same year 
the Automobile Club of America started 
publishing road maps, which were pre- 
pared by the George H. Walker Com- 
pany, of Boston. 

Guidebooks continued in popularity 
despite the increasing importance of 
maps, and in 1905 tlie Hartford Rub- 
ber Company published a very com- 
plete imute book called Automobile Good 
Roads and Tours, which sold for $2.00. 
Covering the northeastern states, this 
guidebook included a number of page- 
size maps and detailed touring informa- 
tion. 

The first Official Automobile Blue 
Book to carry the endorsement of the 
A.A.A. appeared in 1906. This popular 
guide was issued annually until 1926, 
when it was replaced by the current 
AAA Tour Books. It held top rank 
among automobile guidebooks during the 
years it was published. 

The Hammond Map Company, one of 
the early producers of bicycle maps, 
entered the auto map field in 1906 with 
a Road Map of Northern and Central 
New Jesey. During the next 25 years 
the Hammond Company published a long 
list of motorist maps and guides before 
abandoning this phase of cartography 
about 1930. 

Automobile and tire manufacturers 
early recognized the business value of 
preparing guidebooks for sale or free 
distidbution to their customers. Among 
the former concerns was the White 
Motor Company of Cleveland, who in 
1907-08 issued a series of White Route 
Books covering various sections of the 
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Across and Around About Staten Island. 

Staten (Boruogli of Richmond, New York City) is 

best kii> un to tnotorists as the first stage of the shortest line of 
rouil to New Brunswick, Trenton, Philadelphia, and points l)e- 
yotiti. Though requiring two ferry tratisfers as against one 
the North River direct to New Jersey, there is a material 
saving of distance, ami tlie gain of a much less compUcated route 
for, approxiinutel) , the first tlur<l of the way to Philadelphia. 
Many tours arc planned to go <jnc way and return another- 
New York-St, George-Tottenville Line. 

Chiefly important is the practically level country road be- 
tween the opposite extremities of the islaiul — St. George and 
Totteiivilk—nearly straight and in excellent condition throughout. 
Tins is one main line of the island; hh'Oin South Ferry, White- 
liall St-, New Y<irk City, take (half hour) ferry across hay to St. 
^George, leaving the. ferry slip hy left exit,, Go straight out to 
’where tine way ahead is blocked hy irregularity of first cross 
I streets, where bend left and follow Shore Road through Tonip- 
jkinsville and Stapleton to Clifton, all small places. Entering 
I Clifton turn right tm .‘■plendid macadam road — \'andcrbilt Avc. 
i — direct to New Dorp. Here take left turn (sign) into Amboy 
: Road —-a direct, unbroken line across the center of the island, the 
; rail rt»d' hiking the same general cour^iC!, with now and then a 
, crossing. 

Continue on Amboy Road through Oakwood, Giffonls, Elt- 
I ingvillc, Annadak, Huguenot, Princess Bay, Pleasant Plains, and 
j Richmond Valley to 

i6 miles from St. George. Tottenville. 

21 miles from Central Park, N, Y. 

Noti;. .\t 'r<(ltc‘tndlle Xdllage leave Amboy Road, keeping 
Totten St, Uv Bentley St. to ferry. Amboy Road ewls at private 
dwk below jerry, neceKnitating reiuin anrl possibly losing Imt, 
if figuring on time of leaving. 

Tlje Ccddimiation of tln^. run b* New Brunswick, N. J., and 
beyond wiU he hanid in full. detail in the New York-Philadtdphia 
r. ui>w. and wctu/vvluil e^-nderi'-ed in the tour.s to and from the 
Jer/ey Coast res'^r'n, 

Other Connections from New York. 

In other ways Staten Island may become a part of t*.mrs from 
New York and vicinit.v into New Jersey. After the landing at 
St. George, one timy turn right (nKtead 'of fell as before) and 
follow upper Shore Road through New Brighton, Port Richmond, 



HOW TO ARRIVE IN 1905 

TOURING INFORMATION AND ROAD MAp PROM A 1905 AUTOMOBILE GUIDEBOOK. (AutomoMle Good 
Boads and Tours, compiled and published by Hartford rubber works co., Hartford, conn.) 


country. Their popularity is noted by 
a statement in the preface to one edition 
which boasts that '‘the circulation of 
these books is more than twice that of 
any other publication containing road 
directions.’’ 

The White Route Rook included one 
double-page map, photographs, and de- 
tailed touring directions. Nothing was 
left to chance, as the following excerpt 
will testify : 

Mile 21,5. At the end of the road turn right 
(school house on the right, church on the left), 
23. Turn off to the left with wires (old sign 
board on the right), 24.7. Turn right with 
wires, passing on left, after turn, large red 
barn marked James White. 


There is no price marked on the White 
Tour Books, and it is possible that they 
were given to customers. If this is true, 
it was perhaps the earliest free distri- 
bution of published road information to 
motorists. 

By 1909 automobile maps and guides 
had become quite common, and the Auto- 
nioNle Clu'b of America Tour Book of 
that year lists 20 different maps pub- 
lished by the A.C.A., in addition to a 
number of guides and maps of other pub- 
lishers. Many of these covered individ- 
ual states and were compiled or endorsed 
by local automobile clubs. 

The Goodrich Company followed the 
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example of the Hartford Kubber Com- 
pany and from 1912 to 1915 published 
a series of Goodrich Route Books. In- 
cluding sectional maps of the territory 
covered, they followed the plan of the 
White Route Books in listing mileages 
along with detailed directional informa- 
tion. All sections of the United States 
were covered by the guides, which were 
distributed to tourists gratis by the 
Goodrich Company. 

ROUTE NUMBER 55 
CHICAGO TO SOUTH BEND 
no MILES 

.0 Lcavhif^ the Aiulit<»riiuu Annex go south on 
Michigan Avenue 

I Pass on the right the Chicago branch of THE 
WHITE COMPANY, 240 Michigan Avenue 
I Go under railroad viaduct 

2.5 At the red light, turn left into 33d Street 

3.1 At the red light turn right into South Park .Ave- 
nue (church on the right of turn) 

3.4 Bear slightly to the right on Cirand Boulev’ard, 

passing large watering trough, on the right 
4. Go under the railroad 

5.4 Enter Washington Park passing Washington 

statue on the right 

5 .6 Pass road to left 

6. ‘ Pass two ntads to right which lead from the 

park and at triple fork beyond take left r<)a<l 

6.5 Pass road to left 

6.4 .. Pass road to left and then pass power house 

6.7 Pass roafl to left and ;ii the road immediately 

beyond turn left into "'I'be Midway" 

7.7 Bear slightly to right under vi.uluct’ and one 

block beyond go straight ahead into Jackson 
Park 

8.3 At the fork with circular grass plot in the. angle, 
take the left road 

8.5 At the next fork keep to the right 
8.- I ’ass roa<l to right 

8.8 At the next fork take the right road 
i). Leaving the park keep .straight ahead 

9.5 Cross the railroad at BRYN MAWR station 

9.8 Cross trolley 
10. Cro.ss trolley 
10.2 Cro.ss the railroad 
10.9 Cro.ss tndley 



It. I Make sharp hairjjin turn, nieetiug the car track.s, 
and immcfliately turn away from them 


Throughout the period 1910 to 1930 
there was stiif competition in the prepa- 
ration of automobile guidebooks, and 
many novel ideas were tried out. For 
a time the preferred approach was to 
outline specific tours, as are found in the 
Associated Tours booklets published by 
the A.C.A. from 1916 to 1931. Many 
hotels, resorts, and communities likewise 
prepared route books aimed to attract 
tourists to their particular locality. 


12. 1 Near railroad bear to the right keeping on mac- 
adam road 

12,3 to the right keeping on macadam road 



'■^•7 slightly to t-hc right onto asphalt street 

13.4 At the South Chicago Hotel’ turn left into 92d 
Street. SOUTH CHICAGO 
13.6 Cross the railroad 

• 3.9 Cross the railroad (lumber yard on the right | 

14. Cross drawbridge over titc Calumet Riv«r 
14-3 Cross railroad side track 



14.4 At the fork with saloon in the angle, take the' 
right road leaving the trdlley 
14.9 Cross three railrttads; at the next street turn left 
passing the Last Side Station and at the next 
corner turn shaq) right meeting the trolley. 
At the next street turn ho® left and follow the 
trolley 

15.7 Cros.s the railntad 

15.8 Cro.ss the railroad 

15.9 Ju.st beyond the plant of the Columbia Malting 

0>mpuny, cross the .state line from Illinois into 
Indiana 

iC.g Cnns.s railroad side track 
17. Cn^ss small iron bridge 


FOE A FASTEE EATE IN 1908 

THE MOTORIST WHO USED THIS PRECISE GUIDEBOOK USUALLY BEACHED HIS DESTINATION. (EBOM 

White Soute Bookj number 7. copyright 1908 by the white company, Cleveland, ohio.) 



A PART OP AN EARLY COLORED ROAD MAP, 1914 

DURING THE 1910^8 THE NATIONAL HIGHWAYS ASSOCIATION CONDUCTED A VIGOROUS CAMPAIGN TO 
DEVELOP ROAD MAPS AND IMPROVE ROADS FOR MOTORISTS. (PROM THE NM.A. Toiir BooTc, 1914.) 


In 1911 the National Highways Asso- individual road maps for all the states, 
ciation was organized and shortly started For the part it took in the improvement 
its campaign to improve and mark the of roads and road maps in the United 
highways of the nation. During the States, the National Highways Associa- 
seven or eight years of its greatest ac- tion ranks with the League of American 
tivity this organization issued a number Wheelmen. 

of excellent road maps, featuring the The year 1913 is significant in the 
several National Highways which crossed history of road maps. In that year Wil- 
the country from north to south and liam B. Akin, a Pittsburgh advertising 
from east to west. The N.H.A. also man, sold the Gulf Oil Company on the 
pioneered in publishing a uniform set of idea of sending road maps to automobile 





Base Map Copyright hy Rand McNally d- Company, Chicago 
THE PERIOD OE THE BLAZED TRAIL, 1921 

ALTHOUGH THE FIRST FREE OIL COMPANY ROAD MAP WAS ISSUED IN 1913, THE PRACTICE DID NOT 
BECOME WELL ESTABLISHED UNTIL THE 1920 THIS RAND MCNALLY ROAD MAP, WHICH IS SHOWN 
IN PART, WAS PRINTED IN TWO COLORS FOR THE STANDARD OIL COMPANY OE NEBRASKA IN 1921. 


owners as an advertising scheme. As an 

initial step, 10,000 road maps of Alle- 
gheny County were mailed to motorists 
in the Pittsburgh area. The following 
year state maps were prepared, and 300,- 
000 road maps of New York, New Jersey, 
New England, and Pennsylvania were 
distributed gratis through Gulf Service 


Stations. Thus was established a prac- 
tice which motorists today take entirely 
for granted and which has placed road 
map publishing in the ranks of big 
business. 

For several years Gulf monopolized 
the free map field, and in 1920 this one 
company gave away more than 16,000,- 
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000 maps. Within the next few years, 
however, the other large oil companies 
recognized the promotional value of free 
maps and added them to the list of ser- 
vices offered by their stations. 

During the second decade of the 
twentieth century, the American Auto- 
mobile Association strengthened its posi- 
tion as the leading motor organization 
in the United States. In 1917 this club 
issued a series of strip maps covering 
major highways, but the idea was shortly 
abandoned in favor of state maps. The 
A.A.A. state maps soon attained a repu- 
tation for their accuracy, and they are 
today distributed to the number of 2,- 
500,000 yearly. 

As early as 1900 certain of the states 
had established highway bureaus and 
issued maps of the road systems. It was 
not until the 1920 ’s, however, that state 
departments began free distribution of 
road maps to motorists. Recognition of 
the potential profit in attracting tourists 
within their borders has led virtually 
every state in the union to adopt this 
practice. These state highway folders 
are today frequently attractively illus- 
trated with pictures of the scenic centers 
or major industries. 

The policy of free map distribution 
had its repercussions among map makers. 
Prior to 1917 road maps and guides were 
a motley lot and were prepared by a 
great number of printers and publishers. 
Small concerns were able to issue satis- 
factory maps because touring was still 
largely limited to short distances, and 
the necessary road information could 
thus be easily gathered. Furthermore, 
the maps of this early period were simple 
black-and-white affairs, of the type which 
any small print shop could produce, and 
they were issued in quantities not beyond 
the capacities of such shops. 

Expansion of the practice of giving 
maps away forced small publishers to 
abandon road map printing. Only the 
larger map eoucerns were equipped to fill 


orders for millions of road maps. Such 
companies also had the financial strength 
to engage field workers for compiling 
road information in all parts of the coun- 
try. The perfection of photo-offset color 
printing and its adaptation to map mak- 
ing further eliminated smaller concerns 
because of the high cost of such equip- 
ment. 

Rand McNally and Company had ad- 
vanced to a position of leadership in the 
road map field by 1917. In that year the 
firm published the first of its automobile 
guidebooks, the forerunner of the present 
large Boad Atlas which is issued an- 
nually. Also about 1917 Rand McNally 
started a campaign for numbering and 
marking the highways, and this resulted 
in their series of Auto Trails Maps^ or 
Guides to the Blazed Trails. These were 
in the form of large maps covering all 
or portions of several states, folded to 
accompany a booklet which listed hotels, 
garages, and repair shops. By the early 
1920 's Rand McNally road maps were 
being printed in several colors, the state 
unit had been substituted for regional 
maps, and the maps liad taken on a 
^ ‘ modern’ ^ appearance. 

Because of the recognized excellence 
of the Blazed Trail Maps^ the Gulf Oil 
Company in 1918 engaged Rand Mc- 
Nally to prepare maps for free distri- 
bution at Gulf Service Stations. For a 
number of years Rand McNally had no 
serious competitor in producing maps for 
oil companies, and at present it remains 
one of the ‘‘big three” among road map 
publishers. In the prewar period ap- 
proximately 50,000,000 maps were pre- 
pared annually by Rand McNally for 
several of the large oil companies. 

Ill 1923 the General Drafting Com- 
pany, of New York City, began making 
road maps for the Standard Oil Com- 
pany of New Jersey and the follow- 
ing year took on a similar project for 
Socony-Yacuum. General Drafting’s an- 
nual pre-Pearl Harbor output of road 
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maps (principally for the above two com- 
panies) was over 20,000,000. 

The third of the ‘'big three,’’ The H. 
M. Gonsha Company, of Chicago, was 
established in 1926 by several former 
employees of Eand McNally. It is the 
only one of the three engaged exclusively 
in road map production. Between 50-70 
million road maps were published annu- 
ally by Gousha prior to 1942. 

The above three companies and a few 
smaller concerns put out some 150,000,- 
000 road maps before the war for annual 
distribution through gasoline stations. 
In addition, the American Automobile 
Association and the various state high- 
way bureaus disposed of another 10,000,- 
000 free maps. The oil companies pay 
about 3 cents per copy for the maps, 
and for the larger companies this item 
in the annual budget may amount to 
more than $200,000. 

Since Pearl Harbor road maps have 
been among the minor casualties of war. 
With our entry into the conflict, road 
map printers, along with most other 
map publishers, started working for the 
Army, and for the past four years their 
presses have been turning out military 
maps. 

Before the 1946 touring season gets 


under way, however, free road maps 
should again be available, perhaps in 
greater quantities and of better quality 
than in the prewar period. The 12,- 
000,000 or more servicemen and women, 
who had intensive training in map read- 
ing and who have used the excellent 
maps of foreign lands, will expect im- 
proved road maps. Likewise the mil- 
lions of us who remained at home have 
acquired a better appreciation of maps 
through studying atlases, war maps, and 
newspaper maps. 

Notwithstanding the new emphasis on 
travel by air, it is fairly certain that for 
some years to come most of us will do 
our cross-country touring in earthbound 
vehicles. And to guide us on our way 
we will continue to rely upon the fa- 
miliar oil company road map. Though 
he may cuss them for an occasional in- 
accuracy or omission, the American tour- 
ist looks upon the road map as a friend 
in need. For, although road maps have 
undergone many changes in form during 
the past 50 years, fundamentally their 
lunction is the same. To the cross-coun- 
try traveler of 1946, as to the gas buggy 
enthusiast of 1895, they are still indis- 
pensable guides and companions in his 
wanderings over the face of the earth. 



CATALYSIS IN INDUSTRY, BIOLOGY, 
AND MEDICINE 

By JEROME ALEXANDER 


Dueinq World War I, C. F. Kettering 
and Thomas Midgley, Jr., of the Re- 
search Department of General Motors, 
in the course of their collaboration with 
the U. S. Bureau of Mines to produce 
an aviation gasoline as free from 
“knock” as possible, made extensive en- 
gine tests with a variety of volatile or- 
ganic liquids. The comparatively rare 
hydrocarbon cyclohexane was found to be 
a superior airplane engine fuel, and the 
suggestion was made that its manufac- 
ture be attempted. Dr. Leo H. Baeke- 
land, then a member of the Naval Con- 
sulting Board, regarded the project as 
impractical and advised against it. He 
even promised a wooden medal to Ket- 
tering and his collaborators if they could 
make a single pint of cyclohexane. 

Nothing daunted, the investigators ap- 
plied to this problem their knowledge 
and skill in the preparation and use of 
catalysts for the hydrogenation of ben- 
zene and in a comparatively short time 
sent Dr. Baekeland a liter bottle of 
cyclohexane ensconsed in a plush-lined 
mahogany casket. Baekeland kept this 
on his desk for many years as a prized 
possession. And since the product had 
been made by CATalysis, Dr. Baekeland 
was furnished with a design for the 
wooden medal he had promised (Fig. 1). 

Today, catalysts and catalysis have 
achieved extensive publicity. The aver- 
age newspaper reader, even if he does 
not know what a catalyst is, does know 
that 100-octane gasoline, which gives our 
aviators speed and ceiling, is produced 
with the aid of catalysts. The more 
technically informed reader knows that 
the catalytic production of sulfuric acid, 
ammonia, nitric acid, and wood alcohol 


is an old story. In fact, Germany was 
able to start World War I in 1914 only 
because she had just then become inde- 
pendent of Chile as a source of nitrates, 
owing to German perfection of the 
Haber process, whereby nitrogen and 
hydrogen can be catalytically combined 
to produce ammonia. This, in turn, can 
be catalytically oxidized to nitric acid, 
the basis of most explosives as well as 



RIG. 1. CATALYSIS 

DESIGN OP A WOODEN MEDAL FOR KETTERING. 
SUGGESTED TO BAEKELAND, WHO DID NOT BE- 
LIEVE CYCLOHEXANE COULD BE MANUFACTURED. 

a vital ingredient in fertilizers. Those 
connected with the chenaical industry 
or profession know that an ever-increas- 
ing number of useful and valuable or- 
ganic compounds are now being eata- 
lytieally produced, some in immense 
quantities. For example, the 1944 
catalytic output of phthalic anhydride, 
used in making plastics, was over 62,000 
tons. In 1936 about 250 tons of nickel 
were sold in the United States for 
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catalytic use, about two-thirds having 
been used for hardening vegetable oils 
by catalytic hydrogenation to produce a 
huge tonnage of the well-known edible 
fatSj which, like lard, are nonfluid at 
room teniperature. 

To illustrate the magnitude and im- 
portance of catalytic processes in the 
petroleum industry, consider in outline 
the recently perfected ^'fluid-catalyst’^ 
cracking process, devised by long and 
expensive cooperative research under- 
taken by large petroleum refiners, and 
now operating in about 30 plants (Fig. 
2 ). 

From a standpipe about 200 feet high, 
a claylike powdered catalyst cascades 
into a stream of vaporized oil at the 
rate of about 2 carloads a minute, and 
the torrid, oily duststorm swirls like a 
gas into a reactor vessel where, at the 
huge catalyst surface, there take place 
the complex chemical transformations 
termed "cracking.” The cracked reac- 
tion products are separated from the now 
blackened, carbon-coated catalyst, which 
then falls into a stream of incoming air 
and is carried to a regenerator where 
the carbon is burned off. The revivified 
catalyst is returned to the standpipe for 
reuse at the rate of about 40 tons a min- 
ute. About 73,000 tons of catalyst are 
consumed annually in this process, which 
has been yielding daily (after certain 
additions) over 400,000 barrels of 100- 
oetane gasoline. Incidentally, there are 
also produced certain raw materials for 
synthetic rubber. 

Germany developed the chemistry of 
coal and coal tar — ^because she had coal. 
American chemists realize that besides 
coal we have in our enormous supplies 
of natural gas and petroleum important 
tslw materials for a great and novel 
organic chemical industry, in which 
catalysts are finding ever-increasing use. 

Origin of the Term Catalysis,^ ^ A 
little over a century ago the great Swed- 


ish physical! and chemist Jons Jakob 
Berzelius introduced to science the word 
"catalysis,” and it is well to consider 
his original definition, uncontaminated 
by subseqixent ohiter dicta {Jahresie- 
richte, 1836, 15, 237) : 

It is tlien proved tliat several simple aud 
compound bodies, soluble and insoluble, have 
the property of exercising on other bodies an 
action very different from chemical affinity. 
By means of this action they produce, in these 
bodies, decompositions of these elements and 
diffierent recombinations of these same ele- 
ments to which they themselves remain indif- • 
ferent. 

This new force, which was hitherto unknown, 
is common to organic and inorganic nature. 

I do not believe that it is a force quite inde- 
pendent of the electrochemical affinities of 
matter ; I believe, on the contrary, that it 
is only a new manifestation of them; but since 
we cannot see their connection and mutual 
dependence, it will be more convenient to desig- 
nate the force by a separate name. I will 
therefore call this force the catalytic force, and 
will call catalysis the decomposition of bodies 
I)y this force, in the same way that one calls 
by the name analyvsis the decomposition of 
bodies by chemical affinity. 

Even tliough recent X-ray research 
has given to catalytic forces a local habi- 
tation as well as a name, Berzelius out- 
lined, in essence, the present view. For 
example, in 1935 J. Monteath Robertson 
in Sir William Bragg’s laboratory at 
The Royal Institution, by an elaborate 
mathematical development of the X-ray 
data, established the structure and elec- 
tronic contours of phthalocyaniue and 
nickel phthalocyanine (Figs. 3 and 4). 
Note how the introduction of a single 
metal atom (nickel) produces a marked 
change in the electronic contour at the 
center. Figure 5 gives a "surveyor’s 
map” of nickel phthalocyanine, the 
molecule lying flat in the plane of the 
paper, the electronic maps being fore- 
shortened because the molecules are 
tilted in the crystal at the angle shown. 
If we remove the 4 symmetrically placed 
benzene rings from the periphery of 
these molecules, we have left an interior 
ring of 4 pyrrole groups similar to what 
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FLUID CATALYST CRACKING PLANT 

DOWNFLOW VESSELS DESIGN 


PRODUCT 

TRACTIONATOR 



Courtesy Standard Oil Co. of N. J, 
FIG. 2. CATALYTIC CEACKING OF PETEOLEUM 
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FIG. 3. PHTHALOCYANINE 

STRUCTURE AND ELECTRONIC CONTOURS AS COM- 
PUTED PROM X-RAY DATA BY J. M. ROBERTSON. 


ivS found in the porphyrin of hemoglobin 
(the oxygen-carrier of red blood cells, 
where the central metal atom is iron) 
and chlorophyll (a basic catalyst in 
green plant cells, where the central metal 
atom is magnesium). Then in 1938 A. 
H. Cook found that iron phthalocyanine 
alone of all the metallic derivatives tried 
is able to act as a catalyst in the decom- 
position of hydrogen peroxide; that is, 
it could function as does the biological 
catalyst, or enzyme, catalase. 

These printed molecular diagrams give 
merely an inkling of the extreme speci- 
ficity of the submicroscopic structure 
responsible for the unique effects of 
catalysts. And of course they fail to 
show Brownian motion or the rapid fluc- 
tuations in the molecular and atomic 
electronic fields; that is, the extensive 
particulate and intrapartieulate activity 
developed by catalysts in action. They 
do, however, give some idea of the elec- 
tromagnetic ‘‘auras’’ surounding mole- 
cules and indicate the almost infinite 
variety of electromagnetic “keys” that 


may be formed to open or to close specific 
electronic “locks”; that is, to break 
down (analyze) or to build up (syn- 
thesize) specific substances. 

In attempting to give a reasonable 
explanation of the catalytic processes 
which constitute the basis of so many 
biological as well as technological proc- 
esses, we should recall the remark of 
Daniel Webster relative to political mat- 
ters, that nothing ever turns up unless 
someone turns it up. Though catalysts 
cannot direct lasting chemical changes 
in defiance of chemical affinities, they 
very often determine what and when 
and where specific reactions will occur 
and their relative velocities. 

'Sow CaUlysts Function. Catalysts 
function by virtue of their specific out- 
wardly directed electronic fields of force, 
which bring about characteristic distor- 
tion, or warping, of the fields in sus- 
ceptible particles (atoms, molecules, 
ions) that approach close enough and 
remain long enough to be sufficiently 



FIG. 4. NICKEL PHTHALOCYANINE 

STRUCTURE AND ELECTRONIC CONTOURS AS COM- 
PUTED PROM X-RAY DATA BY J. M. ROBERTSON. 
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afifecited to bring about a synthesis or a the opposing ''hooks” so that they are 
breakdown. As a result of this distor- linked together; drawn in the opposite 
tion, or "activation,” the particle may direction, the "key” releases the bond 
be able to combine with other particles, between the opposing "hooks” and the 
or it may be split into smaller fractions, closure is opened. Within rather close 



From J. M. Bohertson 


FIG. 5. DIMENSIONS OF THE NICKEL PHTHALOCYANINE MOLBCHLE 


Catalysts thus function like a judge, 
who may wed or divorce qualified couples 
who come within his jurisdiction and 
remain there long enough for the opera- 
tion of due process of law. Another 
analogy is that the catalyst functions like 
the "key” of a zipper closure; drawn 
in one direction, the "key” massages 


limits the key and the hooks must be 
mutually adjusted to each other. An 
adhering bit of paint or solder or a 
mechanical deformation of key or hooks 
may prevent proper functioning. Simi- 
larly, catalysts may be "poisoned” for 
certain reactions by physical or chemi- 
cal change or by adsorbed impurities. 
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It is well known by those who use 
catalysts industrially, that the presence 
of very small anionnts — even traces — of 
particular substaiiees may make a cata- 
lyst function exceedingly well or may 
completely alter the chemical output of 
the catalyst. "Where such additions are 
made intentionally to obtain an in- 
creased yield of a desired product, they 
are called ‘‘proniotors.’’ Sir Gilbert T. 
Morgan found that when a mixture of 
carbon monoxide and hydrogen was 
passed over a catalyst consisting of equi- 
molecular amounts of manganese dioxide 
and chromic oxide, there was a yield 
of 80.5 percent of methyl alcohol; but 
when 15 percent of rubidium w-as added 
to the catalyst, the yield of methyl alco • 
hoi, under the same operative conditions, 
dropped to 41.5 percent, while large 
amounts of different, more complex 
compounds appeared in the output. By 
varying the nature and amount of what 
is added to the catalyst, a great variety 
of complicated organic compounds may 
be produced, even under identical opera- 
tive conditions, from these two gases. 

In a way this is a corollary of the 
well-known fact that the nature of chemi- 
cal change may vary sharply with the 
nature of the catalyst. For example, 
with formic acid the breakdown varies 
as follows : 


Catalyst 

(1) Pd, Ft, Or, Ni, 
Cd, ZnO 

(2) TiO„ W.O, 

(3) SiO., ZtO, UO., 


Besultixg 

Products 

H.COOH->H„ + CO.. 
H.GOOH CO + H.,0 
H.COOH H.CHO 
(formaldehyde) + 
CO. + HoO ‘ 


Thoria can catalyze any of these three 
types of decomposition, depending on 
the temperature. 


Catalysts in Biology, ’Because a pi^- 
motor alters the chemical output of a 
catalyst, it may in a more general sense 
be termed a ^‘modifier,’’ a term free 
from any connotations as to the desira- 


bility of the i'csult. Since even traces 
of material ma}^ serve to modify, or, as a 
limiting case, to form a catalyst, the 
importance of catalyst modification in 
biological events is apparent; for it is 
the biocatalysts that determine the na- 
ture, proportions, and the rates and 
places of production of the manifold 
chemical substances underlying all bio- 
logical structures and behaviors, both 
normal and abnormal. Much of the 
recorded work in biology and medicine 
describes the consequences of catalyst 
changes, without considering the com- 
paratively simple principle whereby the 
extensive and extremely diverse results 
may be readily understood. 

When biochemistr}’' was developing, a 
favorite gibe of orthodox organic chem- 
ists, whose experimental ambit was often 
the flask, the still, and the autoclave, 
was: '^Whenever a new biological re- 
action is to be explained, a new enzyme 
is invented.’’ What was then said in 
jest is in the main correct, for we liave 
become increasingly aware of the numer- 
ous cases in which biocatalysts are 
brought into being and activity. What 
had long been known as Warburg’s 
'\yellow enzyme” was quite recently re- 
ported by 0. AVarbiirg and W. Christian 
(Biochcm. Z., 1938, 298 , 150-168 ; ihid,, 
1939, 301 , 231-2) to be an artifact re- 
sulting from loss of adenylic acid during 
its preparation. These authors describe 
five different yellow enzymes of the type 
of alloxazine dinucleotide, some having 
similar proteins but different prosthetic 
groups, others having the same pros- 
thetic group combined with different 
protein carriers. Tliey estimate that one 
molecule of dinucleotide can transfer 
1,440 molecules of oxygen per minute. 
D. Keilin and T. Mann (Proc, Boy, Soc., 
Series B, 1937, 122 , 119-133) have shown 
that ^Hhe same haematin nucleus com- 
bined with three different proteins forms 
three distinct compounds : methaemo- 
globin, catalase, and peroxidase, which 
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have many properties in common but 
show, however, striking differences in 
. . . their activities.'^ 

Just recently S. Granick and H. Gil- 
der {Science, 1945, 101, 540), reporting 
on the structure, function, and inhibitory 
action of porphyrins, find that for 
growth Hemophilus inflitenme requires 
hematin, the iron compound of proto- 
porphyrin, which is characterized by its 
side chains. Though the bacillus can- 
not synthesize protoporphyrin, it can 
insert iron into this compound and thus 
produce the catalyst needed to make 
oxygen available to the organism and 
control its metabolism. The bacillus 
cannot insert iron into porphyrins with- 
out vinyl groups, but the latter could 
compete with the iron porphyrins for 
the combination with the specific pro- 
teins which go to make up the heme 
enzymes. Such a porphyrin would thus 
be a natural inhibitor, and in a sense 
a regulator governing the degree of an- 
aerobic vei*sus aerobic metabolism." 

The term prosthetic group" requires 
some explanation. The adjective, de- 
rived from Greek roots, means to supply 
missing parts. Thus prosthetic dentis- 
try deals with the insertion of missing 
teeth. The prosthetic group (it may be 
an atom, an ion, a molecule, or a larger 
particle) puts teeth" into the cata- 
lyst enzyme and helps give it its specific 
‘‘bite." The same prosthetic group 
may be bandied about among various 
“carriers," reminding one of the Norse 
fairy tale of the solitary tooth that had 
to serve each of the three weird sisters. 
On the other hand, the same carrier may 
be able to accept any of several pros- 
thetic groups, so that from a few basic 
units many catalysts of diverse effec- 
tiveness may be formed. 

What are regarded as very “simple" 
chemical changes in “simple" organ- 
isms, may actually be the outcome of 
complicated reaction series, mediated by 
many cooperating enzymes, coenzymes, 


donors, acceptors, and other essential 
directors of the chemical sequences. For 
example, the fermentation of glucose by 
yeast does not yield ethyl alcohol and 
carbon dioxide directly but proceeds 
through a series of intermediate reac- 
tions each of which is catalyzed by a 
specific enzyme or enzyme system. 

Within the past half-century geneti- 
cists have demonstrated that genes are 
self -reproducing entities, or units, which 
are the main (some believe the only) 
carriers of heredity. It is generally 
agreed that genes act by directing chemi- 
cal changes as catalysts or by furnish- 
ing, through catalysis, “carriers" or 
prosthetic groups from which other bio- 
catalysts may be formed. Genes are 
autocatalytic catalysts ; that is, they 
catalyze the formation of precise dupli- 
cates of themselves and are therefore 
to be considered as living units. Al- 
though genes are much larger than atoms 
and the simpler chemical molecules, they 
are submicroscopic and well within the 
range of colloidal dimensions, as are 
also the “macromolecules" of proteins, 
starch, and cellulose. Some of the self- 
duplicating bacteriophages and viruses 
may also be regarded as living units ; 
for while some of these may be very tiny 
organisms, others behave like large mole- 
cules and may even represent the sim- 
plest conceivable form of life, termed 
by Alexander and Bridges a “moleculo- 
biont"; that is, a catalyst molecule 
capable of autocatalysis. 

Living units possess another important 
power, the ability to undergo chemical 
or structural changes that alter their 
catalytic output, without, however, pre- 
venting self-duplication in their newly 
acquired form. If the changed unit is 
incapable of self-duplication, it is not 
living. Geneticists have given ample 
proof that while genes generally breed 
true, an outstanding characteristic of 
living units is that they can undergo 
heritable changes. 
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Comparatively recently (1927) H. J. 
Muller found that heritable changes can 
be produced in the fruit fly Drosophila 
by exposing its eggs or sperms to se- 
lected dosages of X-rays ; and similar 
effects were soon created in many other 
animals and plants. The gene and 
chromosomal changes that can be pro- 
duced are unpredictable, and most of 
them result in sterility or death. How- 
ever, as early as 1928 Goodspeed and 
Olson had developed with X-rays about 
120 new varieties of tobacco, all breed- 
ing true. While the chemical produc- 
tion of gene changes is undemonstrated, 
chromosomal mutants have been pro- 
duced; e.g., by colchicine (an alkaloid 
from saffron). This leads to diploidy, 
i.e., cells with doubled chromosome num- 
ber, and consequent changes in the or- 
ganism. Many of our well-known plants 
are polyploids; e.g., certain roses have 
56 chromosomes, eight times the normal 
number in the basic type of rose, but 
have lost their ability to produce viable 
seed and are propagated by cuttings. 
In the Neolithic period in Europe the 
Eihkorn wheats had only 7 chromosomes. 
Over 7,000 years ago wheats of the 
Emmer group, with larger grains and 28 
chromosomes, were grown in Egypt. 
The Vulgare group of wheats, to which 
our modern wheats belong, appeared in 
the Graeco-Roman period, with 48 chro- 
mosomes. No matter how the basic bio- 
catalysts are modified or increased, visi- 
ble and practical consequences generally 
follow. 

How shall we explain the astonishing 
but very common fact that from a small 
and relatively simple fertilized ovum 
there develop in regular sequence highly 
specialized and differentiated cells, tis- 
sues, and organs? As Ross A. Harrison 
pointed out, this wonder is thus ex- 
pressed in the 139th Psalm, (16) : 

Thine eyes did see my substance, yet 
being unperfect; and in thy book all 
my members were written, which in con- 


tinuance were fashioned, when as yet 
there was none of them.^^ 

Embryologists have shown that cer- 
tain parts of the developing embryo act 
as ^‘organizers’’ by exerting ‘‘a morpho- 
genetic stimulus upon another part or 
parts, bringing about their determination 
and the following histological and mor- 
phological differentiation.” The “evo- 
cator” is described by Joseph Needham 
as “the chemical substance, acting as 
the whole or part of a morphogenetic 
stimulus emitted by an organizer.” 

The simple principle of catalyst for- 
mation or modification readily accounts 
for the regularity of the development 
of the embryo, provided we assume that 
in the original egg or in its milieu and 
food there are found the essential spe- 
cific atoms and molecules needed to form 
or to modify its biocatalysts. Amounts 
of specific substances unbelievably small 
in weight will furnish large molecular 
numbers. Thus one part of biotin by 
weight in 400 billion influences the 
growth of yeast, and certain molds will 
not grow in the absence of traces of 
gallium. It is, then, understandable bow 
the cytoplasm of an egg may contain 
atoms and molecules ample in number 
and variety to initiate the formation 
and modification of biocatalysts ; and 
physical or chemical conditions in the 
developing embryo may lead to the fixa- 
tion (adsorption) or elution (desorp- 
tion) of these specific substances at 
appropriate places -and times. Great 
changes in chemical output, reflected in 
morphology and physiology, may follow 
tiny catalyst changes initiated by traces 
of specific substances. 

In the cooperative book Colloid Chem-^ 
istry (Vol. 5, p. 593, 1944) I wrote: 

Catalyst modification, which may in turn 
lead to the formation of new carriers or new 
prosthetic groups, offers a simple but potent 
mechanism whereby nongenie as well as genic 
changes may be heritably transmitted. This 
does not mean that any and all nongenic 
changes are necessarily heritable; hut the un- 
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equivocal demonstration of a single ease of 
nongenic catalyst change would compel us to 
regard the principle as demonstrated, or, to 
use a legal analogy, as permissive, though not 
mandatory, in function. 

Eecently S. Spielman, C. C. Linde- 
gren, and S. Lindegren (Proc. Nat, 
Acad. Sci.f 31, 95, 1945) have reported 
that in the presence of melibiose certain 
yeasts develop an enzyme capable of 
splitting this sugar and that the produc- 
tion of this enzyme can be maintained 
even in the absence of the gene respon- 
sible for its initial synthesis, provided 
that melibiose continues to be present. 
Apart from the well-established genic 
inheritance, we have here evidence of 
cytoplasmic inheritance and therefore 
demonstration of a mechanism whereby 
some acquired characteristics might be 
transmitted. This mitigated physico- 
chemical aspect of Lamarckism is far re- 
moved from the view that led to James 
Russell Lowell’s amusing lines in The 
Bigelow Papers {First Series, No. 4, 
lines 31 et seq.) : 

Some fiossifers think thet a fakkilty’s granted 
The minnit it’s proved to be thoroughly 
wanted . . . 

Ez, fer instance, thet rubber-trees fust begun 
bearin ’ 

Wen p’litikle conshunces came into wearin’ — 
Thet the fears of a monkey, whose holt chanced 
to fail, 

Brawed the vertibry out to a prehensile tail. 

If a heritable catalyst change, genic 
or nongenic, leads to the formation of 
substances or structures that give the 
possessor some advantage in the struggle 
for food or mates, we must envisage the 
probability that such a new form will 
dominate its competitors and, as the 
fittest, will tend to survive. However, 
it is equally possible that heritable 
catalyst changes may lead to very dis- 
advantageous results and thus handicap 
the descendants. 

Excess, deficiency, or imbalance of es- 
sential trace substances (hormones, vita- 
mins, minerals, etc.) may lead to such 


abnormalities as pellagra, giantism 
(acromegaly) , cretinism (myxoedema) , 
etc. The various clinical symptoms 
(fever, inflammation, swelling, erup- 
tions, etc.) which constitute syndromes 
of diseases may generally be traced to 
interference with the normal biocatalysts 
or with the permeability of tissues or 
septa controlling the diffusion of raw 
materials and final products to and from 
the biocatalysts. Invading organisms 
such as bacteria or fungi may form 
endo- and exotoxins which produce 
effects remote from their places of origin. 
Though the fungus Tinea, responsible 
for athlete ^s foot,” commonly grows 
between the toes, an eczema of the hands 
is a frequent symptom. 

In the early days of medicine diseases 
were classified by their visible results, 
and the Greek or Latin professional 
terms applied to them often added noth- 
ing to their popular names. Progress in 
the understanding, treatment, and cure 
of many diseases followed investigations 
into increasingly lower levels of struc- 
ture : first, by gross dissection ; then 
with the microscope, and, finally, by 
chemical methods to the invisible but 
basic chemical level, where the impor- 
tance of catalysis has become evident, as 
we may see by considering that group 
of abnormal conditions called cancer.” 

The term tumor,” of clinical origin, 
originally included swellings of all kinds. 
It is now generally restricted to neo- 
plasms (new growths) arising from a 
progressive duplication of cells. If the 
neoplasm remains localized, without in- 
vading -surrounding tissues, it is said to 
be ‘^benign”; if removed by operation, 
it does not recur. But if the neoplasm 
invades healthy tissue, it is said to be 

malignant”; even if removed by opera- 
tion, it tends to recur and often sets up 
secondary growths, or metastases, initi- 
ated by cells from the initial growth, 
which, from the crablike appearance of 
the invasive tendrils, is called cancer. 
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About 1914 the cytologist Theodor 
Boveri published a paper (English trans- 
lation, 1929, Williams & WiMns Co., 
Baltimore, Md., entitled The Origin of 
Malignant Tumors) in -which he attrib- 
uted cancers to a ‘‘certain abnormal 
chromatin-complex, no matter how it 
arises. Every process which brings 
about this chromatin condition,” he as- 
serted, “would lead to a malignant 
tumor. . . . Typically, every tumor 
arises from a single cell, ’ ’ whose definite 
and wrongly combined chromatin-com- 
plex leads to a tendency to rapid cell 
proliferation, which, in addition to all 
other abnormal qualities of the tumor, 
is passed on to all descendants of the 
primordial cell arising by regular mi- 
totic cell division. 

The work of H. J. Muller indicated 
that treatment of Drosophila eggs and 
sperms with X-rays can increase by 
about 1,500 times the expected rate of 
mutation, perhaps in part due to natural 
radiations. This gave support to the 
view that cancer will follow any muta- 
tion of a somatic cell which would have 
as its consequences progressive duplica- 
tion and invasion of surrounding tissue. 
Attention was thus focused on the molec- 
ular or near-molecular genes and other 
biocatalysts as the units some of whose 
alterations, mutations, or modifications 
could lead to the clinical symptoms of 
cancer. Furthermore, there is ample 
evidence that apart from cancer gene 
and catalyst changes may also produce 
a great variety of other results in or- 
ganisms, some normal, some abnormal. 
So there seems no escape from the view 


that the genes and other biocatalysts, 
despite their tiny masses, inexorably 
dominate the chemical changes in organ- 
isms which sometimes lead to results we 
recognize as disease, and in certain clini- 
cal cases to cancer. 

A solution of the cancer problem will 
be at hand when, without causing serious 
damage to the organism, we can inacti- 
vate the cancer-causing biocatalysts or 
modify them or their products so that 
the syndrome we call cancer will not 
result. The proximate “cause” of can- 
cer lies at the biochemical level; but 
successful efforts to arrest the disease 
may come from quite different levels; 
e.g.. X-ray radiation, neutron radiation, 
or surgery if done early enough. Ee- 
cently {Science ^ 1943, 97, 541) Charles 
B. Huggins, of the University of Chi- 
cago, reported: 

It is possible by reducing the amount of the 
activity of circulating androgens to control, 
more or less but often extensively, far advanced 
prostatic cancer in large numbers of patients. 
In this special case, androgen control seriously 
disturbs the enzyme mosaic of the cancer cells, 
at least with respect to the important energy 
producing protein-catalysts, the phosphatases. 
As a contribution to the problem of cancer 
treatment, it is well to emphasize that any in- 
terference with an important enzyme system 
of a cell, normal or malignant, will cause that 
ceU to decrease in size and function. 

Though cancers are known to follow 
a diversity of conditions ; e.g., mechani- 
cal and thermal injury, radiation, virus 
inoculation, introduction of chemicals 
like 3,4-benzpyrene and methyl cholan- 
threne, it is the clincally visible conse- 
quences of heritably changed catalysts 
that lead to the diagnosis “cancer.” 



INSECT CONTROL FOR THE MARINES 


By Lt. (jg) JOHN M. HUTZEL 

BUREAU OP MEDICINE AND SURGERY, U. S. NAVY 


It was late afternoon, and the Marines 
were digging in to consolidate their posi- 
tions before nightfall. To the south Mt. 
Suribachi poked its squat, ugly peak to- 
ward an overcast sky. From its base, 
and halfway across the isthmus of vol- 
canic ash leading to the northern creviced 
end of Iwo Jima, heavy artillery sent 
projectiles hissing overhead to explode 
seconds later about Motoyama Airfield 
No. 2. Just off the eastern shore, and 
north of the convoy of troopships and 
churning Higgins boats racing supplies 
to the crowded beachheads, a heavy 
cruiser surged slowly forward pouring 
explosives into ravines at point-blank 
range. Battleships, farther out, main- 
tained an intermittent fire, directed by 
observation planes above. Upon the cap- 
tured airstrip, to the left, stood several 
small Marine monoplanes. Enemy shells 
dropped in scattered bursts across its run- 
ways. The landscape ahead was spotted 
with puffs of smoke interspersed with the 
glow of flame throwers and echoing with 
the rattle of machine guns. Suddenly 
the artillery fire slackened, and from the 
east two planes zoomed in low over the 
beach, a trail of black “ smoke ’’ pouring 
out behind. Thousands of faces turned 
upward in curiosity. As the planes 
passed overhead a wave of unprintable 
language swept the onlookers; not the 
monosyllabic epithets of adolescents, but 
the blasphemous, soul-searing well- 
rounded phrases of Marines in battle. 
In subsequent flights there was a general 
scramble for cover, for the coal-black 
DDT spray speckled the unwary, like 
measles. Thus did Iwo Jima become the 
first objective sprayed by carrier-based 
aircraft for the control of insects. 

Airplane spraying was but one devel- 


opment in the Navy’s comprehensive pro- 
gram for the control of malaria and 
other insect-borne diseases. To meet the 
demand for trained malaria control per- 
sonnel early in the war, Navy doctors, 
hospital corpsmen, and commissioned 
specialists in entomology, bacteriology, 
parasitology, and related fields were en- 
rolled in special schools. Here they were 
given thorough review and training in 
methods of preventing, diagnosing, and 
treating malaria and other diseases of 
epidemic portent. Upon completion of 
instruction the men were organized in 
malaria control units and epidemiology 
units. The primary functions of the 
former were to control insect carriers of 
disease and make malaria parasite sur- 
veys, whereas the latter provided labora- 
tory facilities to track down disease 
sources and make recommendations for 
the prevention of disease. Each unit 
usually consisted of one or two officers 
and four or five enlisted technicians, and 
they were deployed among training, 
garrison, and combat forces, according 
to need. Marine Divisions were assigned 
both types of units which operated under 
one command as a ‘^malaria and epi- 
demic control unit.” I shall call it 
simply a ‘‘control unit.” 

As the war progressed the functions 
of control units were supplemented by 
medical research units and rodent con- 
trol, special sanitation, and construction 
battalion components. The latter were 
equipped with draglines, bulldozers, and 
other heavy machinery for mosquito con- 
trol and general sanitation projects. 
Combat forces, such as Marine Divisions, 
required an extensive program of sanita- 
tion to initiate protective measures con- 
current with the sudden movement of 
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large numbers o£ troops into disease- 
ridden enemy territory. For this pur- 
pose battalion sanitation squads were 
organized and trained by the attached 
control unit. Throughout the war the 
control unit bore the immediate responsi- 
bility for the control of mosquitoes and 
other insects transmitting disease, and 
its members performed the gamut of 
duties from poisoning rats to the dis- 
posal of enemy dead. 

Protecting the health of military per- 
sonnel in the United States was just as 
important, though less dramatic, than in 
forward areas. As the front was ap- 
proached, however, the problems con- 
fronting control units became increas- 
ingly difficult, culminating in the protec- 
tion of troops during combat. Prior to 
an assault operation of the type under- 
taken by Marine Divisions the men had 
to be “educated'^ to take suppressive 
drugs, to avoid areas where disease was 
most likely to be contracted, to eliminate 
conditions leading to disease transmis- 
sion, and to use in action the protective 
chemicals and equipment furnished them. 
Front line troops were not expected to 
be overly conscious of mosquito control 
while subjected to enemy fire, but rear 
area personnel were required to observe 
all disease control precautions. Other- 
wise, an epidemic might have seriously 
reduced troop reserves and harassed hos- 
pital staffs already overburdened with 
combat casualties. Through lectures, 
demonstrations, and the use of training 
films the life histories of insects were out- 
lined, and their part in disease transmis- 
sion and measures necessary for their 
control were explained. It was pointed 
out that atabrine, in most instances, 
served only to suppress malaria, and 
when its use was discontinued personnel 
that had been bitten by infected mos- 
quitoes were likely to develop clinical 
manifestations. Consequently, the con- 
trol of insects and protection from their 
bites was of foremost importance. 


In addition to these duties the control 
unit supervised the impregnation of 
clothing with repellents and the residual 
spraying of tents and prefabricated units 
with DDT. It recommended the type 
and distribution of insecticides and other 
sanitation supplies, and loaded special 
material, including laboratory equip- 
ment, for its own use in the field. While 
the Marine Division was in the staging 
area, the control unit also carried out all 
usual functions assigned to it ; e.g., sani- 
tation inspections, mosquito and malaria 
parasite surveys, and control of mos- 
quitoes, flies, lice, roaches, etc. 

During invasion and early occupa- 
tional stages every effort was directed 
toward immediate reduction of existing 
insect populations and termination of 
further propagation. This was most 
rapidly accomplished by the use of in- 
secticides; the more permanent control 
programs, such as draining and filling 
for mosquito control, were gradually de- 
veloped at a later date. The effectiveness 
of insecticides, however, depended not 
only upon toxicity but also upon the 
method of application and type of dis- 
persing apparatus. To effect immediate 
control extensive applications had to be 
made within a few hours. Early control 
units were equipped only with knapsack, 
decontamination, and hand sprayers for 
chemical control procedures. The fact 
that they accomplished so much with so 
little was indeed a tribute to their skill 
and resourcefulness. 

The pyrethrum-freon aerosol ‘‘bomb’’ 
was one of the first outstanding contribu- 
tions to the technique of insect control 
used to advantage by Navy personnel 
during the war. This method of apply- 
ing an insecticide increased its effective- 
ness and provided a convenient means of 
controlling mosquitoes in and around 
buildings. The aerosol bomb, however, 
had limitations arising from transitory 
effectiveness and limited extent of area 
that could be adequately treated. It was 
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not until the advent of DDT that modem 
means of application were fully realized. 

The insecticide DDT is a stable chemi- 
cal that retains its lethal effect against 
insects long after it has been applied to 
surfaces on which they alight. Further, 
it is extremely toxic to adult mosquitoes 
and flies in minute quantities. These 
properties made possible its successful 
adaptation to a variety of means of ap- 
plication of particular value to military 
forces. The techniques of airplane 
spraying of chemicals and laying smoke 
screens were modified to accommodate 
DDT. Ground operated smoke genera- 
tors were converted to produce fogs com- 
posed of fine droplets of DDT solution 
that drifted downwind like morning 
mists across the countryside. The 
residual toxicity enabled small labor par- 
ties working only with knapsack sprayers 
and paint brushes to set huge booby 
traps for insects by treating walls of 
tents and barracks with solutions of 
DDT. Experience proved no one of 
these techniques of applying DDT a 
panacea for all insect control problems, 
but when used in combination and as 
supplemental measures the batting aver- 
age of the control units was increased 
enormously. 

Special emphasis was placed on the 
development of airplane application of 
DDT, for this method promised to pro- 
vide large-scale insect control simultane- 
ously with assault activities. The main 
advantages of plane spraying stemmed 
from the speed of application and extent 
of area that could be treated. Large 
labor parties could scarcely hope to cover 
in weeks the variety of insect breeding 
and resting places effectively sprayed by 
plane in a few minutes. Moreover, many 
places susceptible to aerial treatment 
were inaccessible to ground crews. 

Land-based Navy planes were first 
used to spray DDT during combat at 
Peleliu in September 1944. It was but 
one step farther to use carrier-based air- 


craft in an attempt to close the gap be- 
tween landing of assault waves and initi- 
ation of effective insect control measures. 

Prior to the invasion of I wo Jima a 
joint session of Army, Navy, and Marine 
personnel formulated a plan for repeated 
air spraying of the island. Two torpedo 
bombers based on one of the accompany- 
ing escort carriers were to stand by for 
spraying when directed by request of 
malaria control personnel operating with 
the ground forces. As soon as land- 
based facilities had become available and 
the carriers had withdrawn, especially 
equipped Army planes from Saipan were 
to continue the spraying program so that 
no interruption of insect control would 
occur between the assault and garrison 
stages. The control unit of one of the 
Marine Divisions assigned to the opera- 
tion was charged with the responsibility 
of over-all sanitation of the island and 
direction of plane spraying until relieved 
by the Island Surgeon of the Army garri- 
son forces. This team had already de- 
veloped two sets of spray apparatus for 
use in light aircraft of the attached 
Marine observation squadron and were 
instructed to take them along in case 
plans for spraying with other planes 
failed to materialize. 

Spray apparatus and an insecticide 
concentrate for use in the torpedo 
bombers were loaded aboard an escort 
carrier at Pearl Harbor ; the concentrate 
to be diluted with fuel oil carried by the 
ship. A Navy flight surgeon with previ- 
ous experience in plane spraying at 
Peleliu was assigned to brief pilots dur- 
ing the operation and direct installation 
of the apparatus. Two weeks before 
D-day a member of the control unit flew 
to Saipan to coordinate last minute de- 
tails affecting the transition between 
Navy and Army spraying. 

The assault on Iwo Jima began on 
D-day, February 19, 1945. For the first 
few days intense enemy opposition re- 
stricted shore activities. Aboard ship, 
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members of the control unit assisted the 
overburdened medical staff in caring for 
the wounded. It was not until D plus 5 
that they were disembarked and sent 
ashore. An immediate survey of the 
beachhead area indicated that mosqui- 
toes were no problem, but that houseflies 
were abundant and threatened to become 
dangerously prevalent. Plane spraying 
from carriers was impractical prior to 
D plus 9 because intense artillery fire 
prohibited low-level flights. An attempt 
to use a Marine observation plane having 
direct liaison with the artillery before 
the torpedo bombers arrived was aborted 
by enemy shell fire. The plane was 
knocked out during the installation of 
the spray apparatus. 

On D plus 9 the two torpedo bombers 
made the first application of DDT. Be- 
fore they arrived arrangements were 
made to reduce friendly artillery fiLre for 
the spraying interval. During this and 
subsequent missions treatment was re- 
stricted, insofar as possible, to the occu- 
pied area, but irregularly drawn battle 
lines resulted in some spraying of enemy- 
held territory. Later interrogation of 
prisoners revealed that the Japanese first 
thought the cloud of spray was gas. Pre- 
sumably their observation that most of 
the spraying was done over American 
lines allayed this fear. 

Surveys conducted the day following 
the first application showed that the 
existing adult housefly population had 
been reduced almost 100 percent. How- 
ever, breeding still persisted in places 
inaccessible to the spray, such as in pail 
latrines and covered refuse, and repeated 
treatments in conjunction with ground 
activities were necessary to keep the fly 
population at a low level. A daily sur- 
vey indicated the areas most in need of 
aerial treatment. These were plotted on 
target maps, and directions were radioed 
to the responsible air group to spray a 
given target area. When land-based 
facilities became available for aircraft 


and the carriers had withdrawn, Army 
Douglas Transports from Saipan con- 
tinued the spraying. They were directed 
by the control unit until the island was 
officially declared secured and the garri- 
son commander assumed charge. The 
combined activities of Navy- Army spray- 
ing were similarly employed on Okinawa. 
Here the tactical situation permitted 
spraying on D plus 1, and 22 square 
miles of beachhead had been treated by 
carrier aircraft before land-based planes 
took over the spraying. 

In spite of its usefulness, aerial appli- 
cation had the limitations of other space- 
spraying methods; that is, lack of uni- 
form diffusion of the toxicant and short 
duration of effectiveness. Military per- 
sonnel continued to depend heavily upon 
basic ground procedures to carry out the 
insect control program. The introduc- 
tion of DDT midway in the war changed 
the perspective of materiel needs. New 
methods of application were visualized 
requiring new types of equipment. How- 
ever, standardization of equipment for 
volume production was a time-consuming 
process. After an experimental model 
had been successfully demonstrated to 
Naval authorities, tooling and other 
manufacturing problems delayed de- 
livery. When finally furnished in quan- 
tity to supply depots, the new equipment 
was held there for months owing to ship- 
ping difficulties. Thus at the end of the 
war control units still relied to a great 
extent upon hand-powered appliances 
for the distribution of insecticides. For- 
tunately, the free interchange of practi- 
cal ideas and experimental data among 
authorized civilian agencies, military re- 
search activities, and field control units 
did much to aid the last in designing 
and building their own insecticide dis- 
persing apparatus to meet emergency 
needs. The results achieved were little 
short of phenomenal ; a triumph of which 
all hands, civilian and military, could be 
justly proud. 



THE ARMY’S WAR AGAINST MALARIA 


By Major THOMAS A. HART 

SANITARY CORPS, ARMY OP THE UNITED STATES 


Malaria has always been a scourge of 
the world, but not until the recent global 
war have its devastations been brought 
forcefully to the attention of the people 
of this country. The year 1942 was a 
critical one for the Army with respect to 
tropical diseases. In the Southwest Pa- 
cific area malaria was an acute problem. 
It is conceivable that mosquitoes alone 
could have acomplished what the Jap 
banzai charges failed to achieve. Casu- 
alties from malaria in the Pacific four 
years ago were eight times those from 
Japanese action. It became urgently 
necessary to set up an organization of 
trained personnel to study and combat 
the situation in the field. 

By December 1942 a malaria control 
organization was established in the Sani- 
tary Corps of the Medical Department. 
This organization consisted of malari- 
ologists, malaria survey units, and ma- 
laria control units. The malariologists, 
one for each theater of operations in 
which malaria was a problem, were 
malaria control specialists and liaison 
officers between higher headquarters and 
the malaria survey units and malaria 
control units in the field. Malaria con- 
trol units consisted of small mobile teams 
commanded by a Sanitary Corps officer 
trained in sanitary engineering and 
malaria control. Malaria survey units 
were likewise small teams operating from 
mobile field laboratories. The malaria 
survey units were supervised by two 
Sanitary Corps officers ; one an entomolo- 
gist with special training in collecting 
mosquitoes and identifying them, the 
other a parasitologist trained in labora- 
tory and field procedures for estimating 
the status of malaria in a population 
through blood examination, spleen rates. 


and the interpretation of epidemiological 
data. The survey units were charged 
with the responsibility of searching out 
and finding malaria-carrying mosquitoes 
and the type of malaria present in the 
native population. These findings were 
made available to the malaria control 
units and enabled them to set up and 
carry out efficiently the control mea- 
sures indicated for an endemic area. By 
February 1943 this organization was 
functioning in the field overseas. 

The personnel of the field units carried 
on the battle against the deadly mos- 
quitoes under difficult and trying condi- 
tions. They had to adjust themselves to 
the dank humidity and heat of tropical 
jungles, swamps, and kunai grass plots. 
In certain locations wild boars and croco- 
diles were menacing to them and inter- 
fered with their work. Wading hip-deep 
across streams and walking knee-deep in 
muck was the common lot of these men. 
Sometimes they had the eerie experience 
of losing their way in the jungle or in a 
tropical mangrove swamp. The matted 
roots of trees, the trackless jumble of 
plant life, the half-light filtering through 
the dense foliage, and the palpable still- 
ness were frightening. The humidity 
and the insects added to the discomfort 
and apprehension of the wanderer. 

The cooperation of the New Guinea 
fuzzy- wuzzy and other native laborers in 
this dangerous work was one of the pleas- 
ant experiences the men remember. 
These people were eager to learn and 
were willing workers ; thousands of them 
aided in the important work of malaria 
control. Their usually jolly and care- 
free manner, their singing on the way to 
work, and their love of any mechanical 
equipment, particularly trucks and jeeps. 
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endeared them to the GI and helped him 
to banish monotony. 

“Man-made'’ malaria follows the foot- 
steps of an Army in the tropics. Slit 
trenches, dngouts, abandoned gun em- 
placements, shell craters, wheel ruts and 
borrow pits — all water-holding depres- 
sions — increase the number of places in 
which mosquitoes can breed. The Army 
in the field literally tore up the earth. 
To combat the tiny mosquito the malaria 
control units used giant bulldozers and 
draglines. For grading and filling low, 
water-holding depressions the bulldozer 
proved to be a perfect tool, and the drag- 
lines were used for ditching to drain off 
accumulations of water. Whole swamps 
were eliminated with this engineering 
equipment. The greatest technical aid 
developed for the use of antimalaria 
units was DDT, the powerful chemical 
insecticide* The discovery of the insect- 
killing properties of DDT was one of the 
outstanding wartime contributions to the 
entire field of preventive medicine. Be- 
cause it was effective in relatively small 
quantities, the problem of shipment and 
transportation of insecticides was simpli- 
fied. The malaria control units and 
malaria survey units, aided by this me- 
chanical and chemical equipment, includ- 
ing atabrine, reduced the incidence of 
malaria to a very small percentage of 
what it was in 1942. Their heroic and 
persistent labors helped keep our Army 
in excellent condition. 

These acomplishments resulted from 
much tedious, hot, sticky work. Re- 
search in the jungle, done under the most 
primitive and difficult circumstances, 
added to our knowledge of how to com- 
bat malaria as well as many other tropi- 
cal diseases. Radio talks on the “Jungle 
Network^’ helped to sell malaria control 
to the GI. Roadside billboards with 
luscious pin-up damsels were made, 
painted, and erected by the antimalaria 


units to attract attention to the malaria 
warning carried by the sign. These signs 
and posters and lectures and radio ap- 
peals were all used to educate every man 
to the dangers of malaria and the best 
methods he could use to protect himself. 
Actual control work in the field was a 
‘ ^ back-breaking ” job. Knapsack con- 
tainers strapped on one^s back were used 
to spray oil containing DDT on every 
body of water down to the circumference 
of a watch crystal. Slow-moving streams 
choked with vegetation were cleaned out, 
sometimes by very primitive means. 
Men, materials, and vehicles had to get 
to the job through mud and torrential 
rains. Training new gangs of native 
labor each week, sometimes at daily 
intervals, was a drain on patience. To 
these tasks were added the everyday 
problem of housing, feeding, and protec- 
tion of personnel from disease and from 
Japanese action. Although these malaria 
units were not combat troops, in the 
shooting sense, they were waging war 
nevertheless — a war against disease. 
They carried malaria control to the front 
lines and they were there on D-Day with 
the beachhead landing parties. Their 
lot was at times unenviable, but usxially 
they were so interested in the job they 
were doing that no moment was dull. 

The fight against malaria has been suc- 
cessful. Through technical skill, educa- 
tional methods in which all publicity 
media were used, and intense application 
to the problems of malaria control and 
their solution almost unbelievable feats 
were accomplished against terrific odds. 
To the malaria control organization, its 
malariologists, and the personnel of the 
malaria survey units and malaria control 
units goes the lion’s share of the credit 
for reducing the malaria rates of the 
American Army to the lowest level ever 
recorded for an army in the field in 
endemic malarious areas. 



THE STRANGE CASE OF BLAISE PASCAL 

By RUFUS SUTER 


The French civilization of the seven- 
teenth century was a bright and diversi- 
fied tapestry. Not only was there talent, 
but the men and women were remarkable 
for the complexity of their characters. 
There was, for example, Antoine Gom- 
bault, chevalier de Mere, a gambler, and 
the arbiter of good taste in Paris. He 
was outrageously conceited about his 
mathematical prowess, wrote books on 
etiquette and the art of sprightly con- 
versation, and strove to be a paragon 
of elegant manners for all future gen- 
erations. There was Pierre de Fermat, 
an honest and respected lawyer of Tou- 
louse and the patron saint of amateur 
scientists. Despite his legal duties he 
found time to make contributions to 
mathematics that have put his name on 
a par with Newton’s. To de Fermat we 
owe the foundations of the theory of 
numbers, and to him, as well as to 
Descartes, we are indebted for analytic 
geometry. Then there was Antoine 
Arnauld the younger, a theologian, who 
was a leader of the religious movement 
known as Jansenism after its founder, 
Cornelius Jansen, a bitter critic of the 
Jesuits at the Louvain. Jansenism, now 
extinct, was the Roman Catholic version 
of New England Puritanism, and came 
the closest to the religion of the evan- 
gelical Protestants of any movement 
within the Catholic Church. 

These three men — a gambler, a 
mathematician, and a theologian — ^have 
been mentioned so as to emphasize the 
versatility of their friend, Blaise Pascal 
(1623-1662), a precocious youth from 
Clermont, who came to Paris after his 
father’s death to have his fling at the 
world. He established himself with the 
ducal family of Roannais, which traced 


its pedigree back to Gaulo-Roman days. 
He fell in love with the Duke’s sister 
Charlotte, the sole heir of her brother’s 
estates, who afterwards married a 
nobleman of her own rank. After this 
unfortunate event, the chevalier de 
Mere hoped to distract Pascal’s mind 
by making a genteel sport of him. No 
procedure could have been more shrewd, 
in dealing with a mathematical prodigy, 
than to suggest the opportunities for 
mathematical research at the gaming 
table. The result of the chevalier’s 
good-natured suggestion, however, was 
only a series of learned letters between 
Pascal and the respectable de Fermat. 
But it was a correspondence that has 
become a classic in the history of mathe- 
matics. It contains the foundations of 
the theory of probability and of com- 
binatorial analysis. 

For Pascal the transition from the 
gay de Mere to the sombre Arnauld was 
a return to the memory of the authority 
of his father, who had been deeply im- 
pressed by the teachings of the Jansen- 
ists. His sister Jacqueline had even 
become a nun at the Jansenist convent 
at Port Royal in the outskirts of Paris. 
The young Pascal, his sense of the un- 
certainty of human existence quickened 
by a nearly fatal horse-and-buggy acci- 
dent, suddenly experienced religious 
conversion, with all the mystical imag- 
ery described by medieval saints. The 
rest of his short life was spent, one 
might say, as a ‘4ay” monk, thinking 
and writing along Jansenist lines. His 
reverence for Arnauld led him to com- 
pose the Provincial Letters^ a critique of 
the Jesuits, who had charged the older 
man with heresy. Although the Letters 
failed in their immediate purpose of ex- 
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onerating Ms spiritual mentor, they 
became the model for the satirical essay 
in French. Translated into almost 
every other European language, they 
were best-sellers for two centuries, and 
were one of the several causes that led 
to the suppression of the Jesuit order 
by Pope Clement XIV in 1773. Pascal’s 
Pensees, a set of philosophico-religious 
meditations, are the only legacy of Jan- 
senism that continue to inspire the re- 
ligious imagination. 

The paradox of Pascal is particularly 
striking in an age of paradoxical think- 
ers. As a physicist and mathematician 
he is the peer of Galileo, Torricelli, 
Boyle, and Descartes. As a Christian 
mystic he belongs, in spite of the de- 
nominational difference, to the company 
of our own Jonathan Edwards, the 
Puritan divine from Connecticut who 
mixed hairsplitting logic with visions of 
the spiritual world. Finally, as a 
skeptic he is almost as disillusioned as 
David Hume. One would suppose that 
the mutual incompatibilities among three 
such contrary points of view would have 
made it impossible for a single inte- 
grated mind to hold them all. 

One op the features that makes Pascal 
an alluring subject for study is the per- 
sonal incident that was often the occa- 
sion for his most impersonal investiga- 
tions. Thus, when in 1646 his physicist 
friend, Pierre Petit, came through 
Eouen, and told Pascal and his father 
of the experiments in creating a vacuum 
in glass tubes by an Italian pupil of 
Galileo, named Evangelista Torricelli, 
Petit and the two Pascals decided to 
try the experiment for themselves. At 
that time the possibility of a vacuum 
was denied not only by the respectable 
conservatives, the Aristotelians, who 
were entrenched in most of the pulpits 
and professorial chairs of Europe, but 
also by the right wing of the radical 
scientific party, the followers of Des- 


cartes. It was held that nature ‘‘ab- 
horred” a vacuum, and that nature 
would as soon vanish as to permit the 
least bit of a vacuum. The experiment 
Petit and the Pascals repeated after 
Torricelli was as devastating as that 
by which Galileo, in the tower of Pisa, 
refuted the Aristotelian notion that 
heavy bodies fall faster than light ones. 
The Torricellian experiment, impres- 
sive in its simplicity, consisted in upset- 
ting a glass tube packed with quicksilver 
into a bowl of the same substance, with- 
out letting any air seep into the tube 
in the meantime. The mercury falls 
away from the top of the tube, but 
never reaches a common level with the 
quicksilver in the bowl into which it 
is poured. Instead, the encased column 
stands jutting above the free surface in 
the basin — an unexpected sight, since 
there seems to be an unaccountable lack 
of equilibrium. However this may be, 
the point that interests us at present 
is that the space in the sealed top of the 
tube, after the mercury has dropped, is 
left empty. Here possibly is a vacuum, 
though nature has not annihilated her- 
self in its generation. But to return to 
the odd halt in the drop of the mercury : 
we see here a second point. Nature 
apparently has a limited or restrained 
“horror” of the void, for the column 
does not faU as low as it could, as if 
there were a tension holding back the 
expansion of the vacuum. Indeed, the 
force by which nature exercises her 
“horror” is constant and measurable. 

Pascal performed this experiment sev- 
eral times before audiences, using tubes 
of various sizes and shapes, some of them 
46 feet long. Descriptions and results 
were published in his Experiences N(m>- 
velles Touchant le Vuide. It is interest- 
ing to note that his modest and cautious 
temper already revealed itself here in 
his first published essay on physics. 
Bather than assert confidently that he 
has proved the possibility of a vacuum, 
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he is satisfied to state that in his opinion 
the apparent void is real, and that he 
will continue to believe so until some- 
body shows the contrary. 

The significant part of PascaFs ex- 
periment, however, is not the object for 
which he performed it. Whether a true 
vacuum can exist or not is a metaphysi- 
cal question depending upon the defini- 
tion of emptiness, and it has little if 
any relevance to experimental physics. 
But the second point — the point noted 
in passing — that the column of mercury 
remains suspended above the free level 
of the mercury in the basin, has bearing 
upon the science of the statics of fluids. 
Pascal was too modern to imagine that 
this suspension was literally the effect 
of a limited ^‘horror’’ of nature for the 
void. But then what force is it that 
prevents the quicksilver from pouring- 
out altogether into the open bowl? 

Before the appearance of the Experi- 
ences Nouvelles Torricelli had made the 
bold suggestion that this force was the 
weight of the earth's atmosphere press- 
ing down upon the free surface of the 
mercury in the basin, and pushing some 
of it up into the tube. In other words, 
this experiment exhibited a simple case 
of the equilibrium of fluids. A column 
of air (one fluid) counterbalances a col- 
umn of mercury (another fluid). Pas- 
cal knew of this explanation; but Gali- 
leo's school, in those days, represented 
the extreme left wing of the radical 
scientific party, with hardly a reputable 
representative in Europe, and the cau- 
tious Pascal was wary of allying himself 
with such revolutionists until all the 
evidence was in. 

So he asked himself this question: 
Suppose that the earth's atmosphere 
really does push some of the mercury 
up into the tube; then, if this bowl, 
along with the tube, is insulated against 
atmospheric pressure, should not the 
mercury in the tube settle to the level 
of the mercury in the bowl? To test 


this implication of Torricelli's idea, Pas- 
cal and his brother-in-law, Perier (the 
husband of his sister Gilberte), per- 
formed the experiment of the ‘'‘void 
within a void" — the whole Torricellian 
experiment carried out inside of the 
empty upper end of a larger Torricel- 
lian tube. They saw the column actually 
fall. But Pascal was unconvinced. 

He asked himself another question 
(or, rather, if we accept Descartes’s tes- 
timony, Descartes posed this question) : 
Suppose that the air weighing down 
upon the open surface in the basin really 
does press the quicksilver up into the 
tube; then, when the apparatus is car- 
ried to a higher altitude, should not the 
mercury be pushed up a shorter distance, 
since the mass of air above the tube is 
less? To test this consequence of Tor- 
ricelli's suggestion, Pascal instructed 
his brother-in-law to try the experiment 
on Puy-de-Dome, a mountain near Cler- 
mont, Pascal's birthplace, where Perier 
lived. The investigation was conducted 
with all the solemnity of a religious 
ritual. At 8:00 A.M., September 19, 
1648, in the garden of a local monastery, 
before a small group of honest towns- 
people, the Torricellian experiment was 
performed three times with two tubes 4 
feet long. The column of quicksilver 
stood at the height of 26 inches, 3.5 lines. 
(A ‘‘line" equals 1/12 of the French 
inch of the time, which latter equals 
1.065 of today's English inch.) Then, 
while one set of the apparatus was left 
in place under the care of a monk chosen 
for his integrity, the party carried the 
other set to the top of the Puy-de-D6me, 
about 4,806 feet above Clermont. There, 
in five repetitions the mercury stood at 
23 inches, 2 lines, despite rain or shine, 
open air or shelter. To clinch the argu- 
ment, there was a retest between the 
summit and the foot of the mountain 
and again near the foot. In this last 
place the mercury stood at 25 inches. 
Back at the monastery the height was 



426 


THE SCIENTIFIC MONTHLY 


found to have remained where it was 
before the party left. Finally, the in- 
vestigation was repeated in the garden, 
with parts of the apparatus switched. 
There was no gainsaying the corrobora- 
tion of Torricelli’s suggestion. 

Pascal published a description of this 
experiment in his Recit de la Grande 
Experience de ViSquilihre des Liqueurs, 
the last of his essays on physics to ap- 
pear during his lifetime. 

As for the knowledge these studies 
brought to light : they suggested that the 
old assumption about nature ‘‘abhor- 
ring” a vacuum was unnecessary; they 
added new evidence to the idea that air 
has weight ; they gave us an instrument 
(the barometer) of use in determining 
altitudes, and of limited value in fore- 
casting weather; and they hinted that 
air pressure when applied to partial 
vacuums can be put to work — can, for 
instance, lift a column of mercury. 
Pascal never dreamed how widely this 
last suggestion would affect our under- 
standing and our mastery of nature. 
We know today, for example, that an 
airplane flies because of the availability 
of air pressure for work in a partial 
vacuum. We speak of “differential at- 
mospheric pressures” rather than of 
“partial” or “relative vacuums,” but 
this is a new name for an old face. The 
propeller, driving out the air in front 
of the cockpit, creates a relative vacuum 
into which the weight of the atmosphere 
pushes the airplane, thus forcing it 
along its course. Again, the rush of air 
round the wing driving the air away 
from the top surface, when the wing is 
curved in a certain way, causes a rela- 
tive vacuum to be formed above the 
wing so that the weight of the atmos- 
phere pushes the plane up into the area 
of lower resistance, causing the machine 
to rise. 

Pascal’s contributions to the statics of 
fluids were as remarkable on the theo- 
retical as on the experimental side. Two 


posthumous treatises, Traite de VEqui- 
lihre des Liqueurs and Traite de la 
Pesanteur de la Masse de VAir, present 
an elaborate system of the statics of 
fluids. The former treatise belongs in 
the classical tradition of hydrostatics 
coming down from Archimedes in that 
it makes use of a tightly woven deduc- 
tive method of exposition analogous to 
the geometry of Euclid. The latter pre- 
sents the phenomena of atmospheric 
pressure as a special case under the 
statics of fluids in general Pascal’s 
originality as a physicist lies in this mas- 
terpiece of systematization rather than 
in any specific experiment or invention, 
in all of which he was anticipated by 
others. 

One should also note that* Pascal’s ex- 
periments were perfectly planned argu- 
ments to clinch the points he tried to 
prove. They are as flawless as the ideal 
examples of scientific method to be 
found in textbooks of logic today. 

As AN experimentalist Pascal was one 
of the founders of modern physics. As 
a mathematician he invented, with 
Gerard Desargues, projective geometry. 
With Fermat he created the theory of 
probability and combinatorial analysis, 
probably the most fertile of his achieve- 
ments, although neither he nor Fermat 
could possibly have foreseen what wide 
application the principles of this science 
were to have in later centuries. The 
attempt to bring chance under law has 
developed into a powerful new weapon 
indispensable to life insurance statis- 
tics, population studies, intelligence 
tests, subatomic physics, extragallactic 
astronomy, etc. In the field of applied 
mathematics, Pascal invented and con- 
structed the first modern adding ma- 
chine. 

We may therefore be astonished that 
a man who was more successful than 
most of us in the pursuit of truth should 
have been dubious about the power to 
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know. If we consider, however, we will 
recall that even the ablest scientists have 
not been outstanding for self-confidence, 
Newton’s comparison of himself to a 
child playing on the shore of the sea 
of truth and picking up here and there 
a bright pebble is not typical, but it 
represents a frame of mind perhaps 
more commonly felt than expressed. 
The skeptical mood, after all, is a phase 
of the virtue of humility. 

Pascal’s skepticism has its origin in 
a sense of the physical smallness of the 
human being. Some of the early scien- 
tific thinkers, like Giordano Bruno, were 
awakened to a joyous ecstasy by their 
discovery of the infinitude of the starry 
sky. But Pascal was depressed. Pos- 
sibly he could see in the physical puni- 
ness of the race some reflection of the 
moral unworthiness of man. At any 
rate, he set a richly suggestive example 
of gloom for the many astronomical 
writers after him who have painted the 
familiar picture of the human insect on 
his tiny ball dropping forever through 
the chill vastness of eternal night. 

It is a curious anomaly that the uni- 
verse that depressed Pascal — if we may 
judge by some random passages in the 
Pensees — was Ptolemaic rather than 
Copernican. He seems satisfied, that is, 
to speak of the earth and not the sun 
as the center of the planetary and stellar 
system. One would have expected him 
to speak for the heliocentric theory 
since he showed independence of tradi- 
tion in his physics. But one should be 
wary of supposing that this conservatism 
was dictated by fear of ecclesiastical cen- 
sure, as was the same reticence on the 
part of Descartes. Pascal, always cau- 
tious about jumping at conclusions, 
probably felt it premature to declare in 
favor of the Copernican astronomy. 
His attitude is clear in the Provincial 
Letters where he chides the Jesuits for 
obtaining a papal decree against Galileo, 
the great champion of Copernicus. His 


point is not that either Galileo or the 
Pope was incorrect; rather, he wished 
to indicate that whether the earth moves 
is not to be settled by papal bulls. In 
the Pensees, moreover, Pascal’s aim was 
to emphasize the physical as well as the 
moral smallness of human beings, and 
this is as obvious in the setting of an 
infinite Ptolemaic universe as in a Coper- 
nican background. 

Pascal was also made despondent by 
a complementary picture less familiar 
to us, of man’s stupid hugeness in con- 
trast with the subatomic world. He in- 
dulged in a speculation about the atoms 
being universes, each with its firmament, 
planets, earth, animals, atoms, etc., ad 
infinitum. 

So the complete picture of our place 
in nature is one of a creature lost be- 
tween two extremes : that of the immea- 
surably great and that of the immeasur- 
ably small, neither of which we can 
comprehend. A certain degree of skep- 
ticism is therefore unavoidable ; but this 
is a skepticism of extremes. Only an 
inordinately conceited creature would 
dream of sounding to the nethermost 
depths from which he is built up, or of 
soaring to the outermost edge of the 
wilderness where he vegetates for a few 
moments. And for all practical pur- 
poses, this limitation on our knowledge 
is not gruelling. 

But if we press further, our pride will 
collapse altogether. This skepticism of 
ultimates must dog us in all our science. 
Take geometry : As the subatomic world 
disappears into a bottomless well, so the 
foundations of geometry run down in 
the direction of ever more nearly ulti- 
mate axioms without attaining to one 
genuinely ultimate. Again, as the world 
of stars spreads outward without end, 
so the geometrical theorems to be proved 
are inexhaustible. The geometer’s task 
is unmanageable: first, because he can- 
not fully demonstrate a single theorem ; 
second, because he cannot solve all of 
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the problems the geometrical realm 
poses. So with the statics of fluids ; so 
with physics in general. 

We may flatter our vanity a little if 
we consider that here again we are con- 
cerned with a skepticism of extremes. 
Let us draw a line at a point in the 
receding array of premises, and say: 
Here we shall stop. These we will treat 
as if they were true axioms. Let us 
draw another line : This is as far as we 
shall go in our problem-seeking. Thus 
by a tour de force we have fenced in a 
neat interval where we can have partial, 
conditioned, relative science. Pascal, 
like Hume, attributed much of what we 
call knowledge to habit. 

The genius of PaseaPs skepticism is 
that it is enlightened common sense. 
He is merely a cautious experimentalist 
and mathematician, his conclusions tem- 
pered by Christian fear of intellectual 
pride, who knew the obstacles and bland- 
ishments in the path of complete proof. 
For science, both absolutely certain 
knowledge and absolutely certain ig- 
norance are unattainable. One would 
go far to find a restrained, balanced 
estimate of the human capacity to know 
equal to PaseaPs. 

The clue to PaseaPs skepticism is, of 
course, his religion. An important part 
of the Jansenist teaching, as well as of 
the Puritan, was the idea that man is 
inherently evil. To the average Jansen- 
ist or Puritan Father, moral weakness 
was bad enough to exhaust the gruesome 
possibilities of this state of ruination. 
But for Pascal the old dogma of total 
depravity had a broader meaning. Man 
is feeble in wit as well as will. It is as 
impossible for a scientist to know any- 
thing unqualifiedly true as for men in 
general to will anything good. This 
condemnation applies only to what the 
theologians called the natural’ ’ man, 
that is, man exiled from the source of 
truth and good. But since ^ ‘ regenerate ’ ’ 


men — that is, men who through conver- 
sion have been reunited with the source 
of truth and good — have their interest 
turned in a different direction from the 
natural sciences, the condemnation 
amounts to a general suspicion of the 
human power to know. 

In the end, Pascal’s religion swallowed 
him up. After his conversion he aban- 
doned his scientific inquiries, save for 
one or two half -frightened instances, 
and excelled Jonathan Edwards, or any 
of the Puritans, in his brooding over the 
sense of sin, and in prayer and Bible- 
reading. Some of his critics attribute 
this change to a mental and physical 
breakdown. For many years, indeed, a 
day never passed that he did not suffer 
acute physical pain. After his death, 
which came during a convulsion, his 
whole digestive tract was found to have 
collapsed and his brain to contain a 
lesion. But one should not discredit the 
last phases of Pascal’s thought solely 
because he was diseased. His religious 
preoccupation may have been induced 
by mental and physical suffering, but 
this of itself does not constitute sufficient 
evidence that any of his insights were 
worthless. We should weigh the possi- 
bility that humanity really is corrupt, 
that the cognitive faculties are slightly 
out of focus, and that part of Pascal’s 
genius was that he recognized this. As 
a matter of fact, we should, perhaps, 
even be willing to consider the idea oc- 
casionally that insights of a different 
order from those achieved in the labora- 
tory and in mathematical reasoning may 
help to resolve our quandaries. 

It is not unintelligibly erratic today 
for a biochemist, for instance, to turn 
Marxist, and to substitute the method of 
thinking associated with the materialistic 
dialectic for the customary processes of 
experimental science. In seventeenth 
century Prance, a Catholic physicist and 
mathematician who turned to the Bible 
was no more of an anomaly. 
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Who WILL deny that . everything 
in our experience is only a part of some- 
thing else that in turn is only a part 
of still something else’’? This concept 
of interdependency between the things, 
states, and events of environment is as 
old as ancient Indian cosmology and has 
been variously stated down through the 
years by many thinkers, not the least 
of w'hom are Pareto, Smuts, and Can- 
non. And who would deny that this 
business of living may be facilitated by 
increasing knowledge of how these some- 
things are part of each other? 

Clearly, the function of science teach- 
ing, as of all teaching, is to guide all 
students to knowledge of the known re- 
lations and to prepare some students to 
add to that knowledge. The states of 
mind with which such students approach 
the unsolved problems and the ways in 
which they go about getting new knowl- 
edge are some index to the efficacy of 
the preparation. 

It would seem that those who deal 
with the products of science teaching as 
research assistants are in a good posi- 
tion to judge of its efficacy and are per- 
haps better qualified than the teachers 
themselves to make suggestions for its 
strengthening. The proof of the pud- 
ding is in the eating, not in what the 
cook says about it. 

Nine years of teaching and thirty-odd 
years of experience with the products of 
others^ teaching from colleges and uni- 
versities in this country, Asia, and 
Europe have naturally given me ideas. 
But let us first consider the evidence. 

Proficiency in technique is com- 
pounded of two elements: awareness of 
basic principles that are universally ap- 
plicable and facility in manipulation. 


Awareness comes from instruction; fa- 
cility from experience. It cannot be 
demanded that science graduates be 
technically facile. But it can be ex- 
pected that they be sensible of what 
constitutes proper conduct of experi- 
ment. Graduates in chemistry, biology, 
and kindred subjects have had to be 
taught the following : 

(1) Orderliness in the keeping of 
records and segregation of data and im- 
pedimenta; (2) neatness and cleanliness 
of worktable and apparatus; (3) avoid- 
ance of contamination of experiment 
with material not pertinent thereto ; 
(4) respect for apparatus, and its use 
and care; (5) respect for organisms, 
their feeding and gentle handling, and 
the desirability of performing experi- 
ments under conditions approximating 
the natural habitat as nearly as possible ; 
(6) a sense of variables, or how and 
why genetic, chemical, physical, and 
structural factors of possible interfer- 
ence in‘ experiment and not pertinent 
thereto should be stabilized; (7) a sense 
of controls, or how and why test ma- 
terial should match control in all re- 
spects save the experimental variable 
being tested; (8) accuracy in observa- 
tion and measurement; (9) simple arith- 
metical procedures; (10) avoidance of 
conscious and unconscious bias; (11) 
and that just as one swallow does not 
make a summer, so not one but many 
experiments must be run before decision 
is attempted, and that when organisms 
are used, many are to be tried. 

One could expect that students and 
teachers alike would accept the follow- 
ing: (1) That identification of control 
and test glassware is facilitated by 
marking one set with blue pencil, the 
429 
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other with red; (2) that worktables 
cluttered with extraneous supplies are 
conducive to mistakes; (3) that tobacco- 
tarred fingers, cigarette ash and smoke 
are possible contaminants of solutions; 
(4) that the inside of dishes being used 
or to be used in experiment is no place 
for fingers, no matter how seemingly 
clean these may be; (5) that soap in 
any form is no proper cleaning agent; 
(6) that phosphate, HNO3, chromate- 
sulfuric acid mixture, and other chem- 
ical cleaning agents must be thoroughly 
removed by repeated (70) rinsings in 
hot or cold tap water, followed by others 
(30) with distilled water; (7) that 
watch glasses, not filter paper, should be 
used on the balance pan for weighing; 

(8) that filter paper rather than sulfite- 
loaded paper towels should be used as 
the moisture carrier in moist chambers; 

(9) that to mix solutions by blowing 
through a pipette is pretty sure to re- 
sult in fouling of cultures to which 
such solutions are added; (10) that test 
and control cultures should be matched 
for pH, illumination, and temperature; 
(11) and that many specimens in a 
single culture dish and infrequent 
changing of culture solutions are not 
conducive to reliable results. But it 
sometimes seems that if there is a wrong 
way to do things, this will be the way 
chosen. The amount of time, effort, ex- 
planation, and patience required to 
eradicate bad habits and replace them 
by good ones can readily be imagined. 

What all this shows is that graduates 
and teachers alike are quite untutored 
in the fine art of meticulous experimen- 
tation. And they are untutored because 
their foundation does not include apper- 
ception and/or working knowledge of 
one or more of the four interdependent 
basic attributes of all phenomena, viz., 
direction, substance, state of substance, 
and form. 

This is also evident in the states of 
mind with which science graduates ap- 


proach the problems of research. Some 
have the idea that science is nothing 
more than the accumulation of data like 
that contained in a handbook of chem- 
istry or Pratt’s Manual. These envision 
a problem as occasion for collecting and 
recording only. Such may become as 
'^sounding brass and a tinkling cym- 
bal.” Useful but not very inspiring. 

Some have the idea there is no science 
other than that comprised in the subject 
of their preference. These envision a 
problem as occasion for learning more 
and more about less and less. Digging 
a pit, they fall into it. For them all 
horizons are lost. 

And some, awed by professorial pon- 
tifications, see nothing more in science 
than the dogmas promulgated by their 
instructors. All else is heresy. To 
such, a problem is occasion for proving 
the dogma right, all other ideas wrong. 
They know not that facts make the 
theories, not theories the facts. And 
authoritarianism is their god. 

The degree of possession varies from 
individual to individual. It ranges from 
fanatical adherence to innocuous desue- 
tude. But all are possessed by one trait 
or another. This indicates that science 
teaching effects a trend to canalization 
in the thinking of science graduates 
about research. When development fol- 
lows this path there is first a groove, then 
a rut, and finally a molelike tunnel 
within which the worker bores his iso- 
lated way, uninterested in other tun- 
nelers, uninteresting thereto. A digger, 
not an architect. 

Correlative evidence that science teach- 
ing directs its disciples toward narrow- 
ing rather than expanding points of 
view is found in the fact that these traits 
are least noticeable in those who have 
gone no further than the A.B. or B.S. 
degree; are only confusedly held by 
those who have the M.S. ; but are in full 
flower in the Ph.D.s. 

These observations suggest that sci- 
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ence students are indoctrinated with 
what Charles Fort calls exclusionism, 
and that those who prepare students for 
research are separationists in practice, 
if not in theory. This trend to isola- 
tionism obfuscates the functions of sci- 
ence teaching. It results in one-sided 
interpretations. It leads to impasses, the 
multiplication of words without mean- 
ing, and the development of the defense 
mechanism of the stuffed shirt. 

The foregoing is evidence enough that 
science teaching should pay more at- 
tention to the interdependencies. The 
almost hermetically sealed walls that 
separate subject from subject should be 
broken through. And there should be a 
shift from subject compartmentalization 
to intersubject integration. 

I am quite aware of the truth that 
the mass of data accumulated on any 
science subject is so great that exposing 
students to it takes practically all the 
time allowed for its teaching. But I 
wonder if all the data of any subject is 
ever presented, and if it is, if it can be 
assimilated or even retained by any stu- 
dent. And I wonder if the time has not 
come to give up trying to crowd mind 
and memory with data that can be found 
in texts, and instead to start from prin- 
ciple, use data to illustrate, and direct 
students to use texts for data and mind 
and memory for understanding. 

If this were done intersubject integra- 
tion could easily be accomplished since 
the data of every science subject are 
united in the common possession of the 
basic interdependent attributes of direc- 
tion, substance, state of substance, and 
form (Hammett, 1941). 

A chemical reaction, an astronomical 
traverse, a mathematical formula, an or- 
ganismic evolution, a philosophical con- 
cept, each and every one has direction, 
substance, state of substance, and form. 
The principle is universally applicable. 

It is proper to use biology for expo- 
sition since more members of the Amer- 


ican Association for the Advancement 
of Science are interested in biological 
subjects than in any other branch of 
learning. In biology, then, direction is 
comprised in the subject of genetics,- 
substance in that of chemistry; state of 
substance in physics; and form in that 
of anatomy. 

The pattern of organisms is ineluc- 
tably shaped by direction. That pattern 
is expressed regardless of impinging 
environmental influences. Pattern is 
expressed through substance. Direction 
works through substance to produce pat- 
tern. Substance cannot express pattern 
without direction. And direction can- 
not be expressed without substance. 
Direction and substance are therefore 
interdependent aspects of biological 
processes. And holistic exposition of 
biological mechanisms can neither be 
based on genetic direction alone nor on 
chemical composition and reactions. 
Both must be invoked. 

Substance exhibits certain states such 
as color, viscosity, surface tension, elec- 
trical differentials, and so on. State of 
substance is an ubiquitous and basic 
aspect of organisms.. The states which 
substance exhibits are the product, not 
the producers, of substance. But state 
of substance influences the extent and 
rate of chemical change and exchange. 
Therefore, substance and state of sub- 
stance are interdependent aspects of bio- 
logical processes and their end products. 
Direct interdependency between state of 
substance and direction is not always 
obvious. But since direction and sub- 
stance, and substance and state of sub- 
stance are interdependent, state of sub- 
stance and direction are interdependent 
through mediation of substance. No 
well-rounded exposition of biological 
phenomena is possible if only the data 
of genetic direction, chemical composi- 
tion and reaction, or physical state are 
used. The contribution of all must be 
used for understanding. 
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Form is basic and definitive as aspect 
of organism. The forms of organisms 
are set by direction, molded by sub- 
stance, and limited by state of substance. 
Conversely, changes in form may affect 
state of substance, rate of chemical re- 
action, and extent of genetic expression. 
Form is thus interdependent with direc- 
tion, substance, and state of substance. 
And holistic exposition of biological 
processes cannot be had from form 
alone; but only from this, plus the data 
of genetic direction, plus the data of 
chemical composition and reaction, plus 
the data of physical state. 

Every biologist knows that organisms 
are integrated. The foregoing is a brief 
demonstration of how integration is 
effected through the interdependence of 
the four basic attributes of direction, 
substance, state of substance, and form. 
It is apparent that there are no iown- 
daries in science^ there are only inter- 
dependencies. This precept is of course 
generally applicable. Its extension to 
all teaching could help avert the stupidi- 
ties of war, racial bigotry, and class 
strife. 

These things being so, it is evident 
that science teaching can and should 
direct its attention somewhat more to 
intersubject integration, and somewhat 
less to subject compartmentalization. By 
so doing its utility and effectiveness 
would be enhanced. The logical basis 
for such a step is unassailable ; its advan- 
tages are not obscure. 

It is a job for the young teachers. 
Their minds are likely to be more labile 
and less irrevocably coagulated than 
those of the older. It will be an adven- 
ture from which much of use may come. 

And for biology let there be estab- 
lished in every department a course in 
biological chemistry equivalent in cover- 
age to that now given to medical stu- 
dents, who, by the way, are really stu- 
dents of applied biology. Let it be 
required for all students of biological 


subjects, be these botanical or zoologi- 
cal. 

This is advocated because experience 
shows biology graduates without excep- 
tion to be incapable of even the most 
primitive analysis of biological processes 
in terms of chemical activity. Their 
ideas thereon are grotesque. They 
either close their minds to the fact that 
the organisms they work with are com- 
posed of chemical compounds, and the 
processes they study are expressions of 
reactions between these compounds; or 
they take ignorant refuge in the mean- 
ingless use of such wastebasket words 
as metabolism, respiration, enzyme, and 
the like for their explanations. 

It is through chemical composition 
and reaction that direction, state of sub- 
stance, and form are expressed. So how 
can it be expected that any biology stu- 
dent is properly prepared to study 
organisms holistically if he is unac- 
quainted with the principles and proper- 
ties of the substances of which they are 
composed? And who will deny that 
organisms should be studied holistically? 

Clearly something more than lip ser- 
vice could be given to the principle that 
there are no boundaries in science, only 
interdependencies. And clearly science 
teaching should be reoriented on a basis 
of intersubject integration, if it is to live 
up to its responsibility of leading all stu- 
dents to cultural and pragmatic knowl- 
edge of the integrity of environment, 
and some to adding to that knowledge. 

In 1897 Justice Oliver Wendell 
Holmes said in an address at Harvard : 

Your education, tegins -when you . . . have 
begun yourselves to work upon the raw mate- 
rial for results which you do not see, cannot 
predict, and which may be long in coming. . . , 
No man has earned the right to intellectual 
ambition until he has learned to lay his course 
by a star which he has seen — to dig by the 
divining rod for springs which he may never 
reach. Thus only can you gain the secret iso- 
lated joy of the thinker, who knows that, a 
hundred years after he is dead, men who never 
heard of him will be moving to the measure 
of his thought. 



AN ADVENTURE IN SYNTHESIS 


By OLIVER JUSTIN LEE 

DEARBORN- OBSERVATORY, NORTHWESTERN UNIVERSITY 


Even to the man who labors to in- 
crease knowledge because he finds deep 
satisfaction in this activity and who pro- 
fesses knowledge because he loves to lead 
students into an appreciation of it, the 
world of knowledge seems indescribably 
wide and complex. The present is a far 
cry from the days of simplicity when 
a polymath could encompass in his ovm 
mind most of the knowledge of his day. 
This ancient scholar could at least main- 
tain a speaking acquaintanceship with 
some of the unities, which must have 
pierced their red ways through most of 
his intellectual experiences. 

Came the age of science, the depart- 
mentalization of knowledge, and the re- 
sultant ‘^confusion of tongues,'' as men's 
researches became deeper and deeper and 
more and more narrowly confined to 
their own special areas. What chance, 
0 Unities? 

Add to this the tremendous increase 
in the complexness of life in a modern 
civilization, with its hysterical sense of 
speed, its far-flung relationships that 
span the globe and even reach to the 
most distant observable galaxy. What 
hope for you, 0 Unities? 

To the experienced scholar and teacher, 
no less than to the eager-eyed freshman 
who comes seeking confirmation into the 
intellectual world, a glance at the lists 
of courses of study offered by any large 
university yields humility and a sense of 
bewilderment. The latter is hardly miti- 
gated by four or more years of intelli- 
gent study. 

The student is conscientiously led into 
the intricacies of knowledge and in- 
structed to criticize, to question every- 
thing — the law of gravitation and even 
his own existence. Overanalysis and lack 


of perspective often lead to paralysis of 
the mind and the will. This in turn 
leads to dissociation of the intellectual 
world from the outer so-called world of 
reality into which the young person is 
thrown willy-nilly to sink or survive in 
the maelstrom of superficial change 
under the unhappy aegis of chance. 

To be sure, statistics do show that the 
so-called educated person does make 
more of a success of his life by tradi- 
tional standards than he who has not 
gone through the educational mill. He 
has gained a certain amount of skill or 
agility in adjusting himself profitably to 
his environment. What he studied seems 
to have mattered less, unless he enters 
one of the regular professions, in which 
pressure, applied internally, compels him 
to learn, to know, and to understand 
facts. For the rest, the great majority 
of college people, no basic principle or 
precipitate of understanding seems to 
have survived the years. 

In the physical world certain laws of 
motion have been formulated which ex- 
press the relationships of mass, energy,, 
or force and motion. Newton's Three 
Law^s of Motion and the Law of Univer- 
sal Gravitation form the basis of Me- 
chanics, and, given the underlying facts, 
they can be used to express satisfactorily 
most of the motions in the universe, no 
matter how complicated and interrelated 
these may be. 

May there not be some similar state- 
ments made which will simplify the ap- 
parent chaos in our experience with 
Nature and Society? 

Eeflection indicates that this can be 
done. First, however, it is necessary to 
free our minds from nearsighted atten- 
tion to bewildering change and to drive 
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our intellects deeper into tlie matter to 
search cat the laws of change. 

Change itself defies description except 
as single cases or categories of cases. 
The laws of change are few in number 
and relatively simple. In fact, it is not 
hard to show that, if we consider the 
action, reaction, and interaction of basic 
forces and tendencies in Nature and 
Society, about the reality of which all 
earnest minds must agree without de- 
bate, three short statements express the 
results. 

1. A surging, pendulum-like swing to and 
fro, wkich may result in ^ static or a 
dynamic equilibrium. 

2. A trend, operating over a long or short 
period of time, which may or may not 
reverse itself. 

3. Various combinations of these two. 

Four years ago sixteen members of the 
Northwestern faculty (seven, including 
myself, were heads of departments) got 
together to talk about such ideas as 
fundamental forces and processes; bal- 
ances, imbalances, trends, and equilibria, 
and the possibility of associating them 
for our students in our various fields as, 
let us say, an adventure in synthesis. 

Before long, twenty of us, nearly all 
seasoned teachers, research men, and 
authors, found ourselves each writing a 
chapter for a book on the significance of 
trends and equilibria in the study of 
Nature and Society. The directions were 
simple : 

1. Bo not try to write a survey of your fields. 

2. Analyze your material so as to discern 
basic forces, tendencies, and processes 
which struggle more or less successfully 
for supremacy. 

3. Select two or three pairs or groups of 
these contending elements and write about 
them as simply as you can, after divesting 
them of most of the adhesions which tend 
to strangle a subject when we teach it 
professionally. 

Practically every fundamental field of 
knowledge and expression is included* 
They range from mathematics to law, 


from physics to literature, from astron- 
omy, religion, or economics to music and 
philosophy. It has been interesting to 
note that in not a few instances the 
author has discovered a welcome new 
light upon the analysis of the material 
in his own field in the process of thinlc- 
ing about and writing his chapter. 

The course was approved by the fac- 
ulty of the College of Liberal Arts in the 
spring of 1943, and the book has been 
copyrighted by Northwestern University. 

The shadows of the war and our own 
war efforts closed down upon the enter- 
prise, to be lifted only last summer. 

Last spring we selected a small group 
of superior juniors and seniors for a class 
and prepared to give the course this past 
fall and winter. 

In the first quarter eleven of us each 
gave two lectures and conducted one 
period of discussion in which the class 
of sixteen usually grilled the lecturer 
royally. In the second quarter the other 
ten (geography was added) concluded 
the course for the year in ten weeks. 
Next year the course will be open to gen- 
eral but limited registration. 

The matters of the student’s partici- 
pation in the work of the course and of 
evaluating his understanding of its sig- 
nificance have been worked out satisfac- 
torily. It should be stressed that this 
course is given only to upperclassmen 
and women who have learned to think 
independently and constructively and to 
graduate students, who are assumed to 
be thinkers. 

My colleagues and I are giving it with 
the earnest hope that the student will 
find in it something approximating a 
compass and rudder for his voyage 
through the apparent chaos of life. We 
trust it will aid him to develop an intelli- 
gent, constructive, and satisfying per- 
sonal philosophy for living, character- 
ized by confidence in the essential order 
in Nature and Society, poise of mind, 
and peace for the spirit. 



CRITERIA OF PATENTABILITY 

By J. HAROLD BYERS 


No ONE holds a patent on the instinct 
of contrivance. Aptitude, however, is 
developed in men in different degree. 
The difference is due in part to incentive 
and opportunity, and in part to innate 
ability. The impulse to invent perhaps 
may be stimulated by hope of reward, 
but frequently the creative faculties 
flourish on lighter fare — on nothing, ap- 
parently, more substantial than some in- 
ner urge. With some men, invention is 
a consuming passion. 

Scientists by nature and environment 
are especially inclined and equipped to 
make valuable inventions. Most scien- 
tists have at some time considered taking 
out one or more patents. Some, for one 
reason or another, dismiss the intention ; 
others determine to proceed. Those who 
are members of the research staffs of 
large organizations that take out patents 
as a matter of course turn their inven- 
tions over to patent counsel. 

The benefits of taking out patents in- 
clude : publication of the inventions ; 
credit for original work ; control over im- 
portant developments; financial remu- 
neration ; and protection against the pos- 
sibility of like patents being taken out by 
other, adverse, interests. One or more of 
these benefits may be the dominant mo- 
tive. 

United States letters patent may on 
proper application be issued to any per- 
son if the invention possesses ‘‘patenta- 
bility.” A device has patentability if it 
is neWy useful y and “inventive” and if it 
falls within one of the classes of inven- 
tions defined in the patent laws. The 
prescribed classes of patentable inven- 
tions include : art, machine, manufacture, 
composition of matter, and “any distinct 
and new variety of plant, other than a 
tuber-propagated plant,” which has been 


asexually reproduced by the applicant. 
The term “art” by interpretation of 
court has substantially the same meaning 
as the word “method” or “process.” 
Examples of “arts” that have been pat- 
ented are methods of centrifugal cast- 
ing and methods of manufacturing 
chemicals. In general, any method 
which consists of a series of steps in 
treatment of some material is cognizable 
by the patent law as proper subject mat- 
ter of patent. Machines and manufac- 
tures cover a fairly obvious field, devices 
having moving parts being usually des- 
ignated machines, and those that have 
none, manufactures, although the line 
between the two is not hard and fast. 
Compositions of matter such as plastics, 
chemical compounds, soaps, and cosmet- 
ics can be patented. The classes of in- 
ventions patentable are broad but not so 
broad as to preclude the possibility of the 
courts^ holding that a thing is not pat- 
entable merely on the ground that it 
does not fall within the statutory defi- 
nitions. For example, the Supreme 
Court in one case held that oranges 
coated with borax (to inhibit blue 
mold) could not be the subject of valid 
claims inasmuch as coated oranges were 
not “manufactures.” 

The requirement that the alleged in- 
vention be “useful” does not usually 
give trouble. Utility, as applied by pat- 
ent law, does not mean any rigorously 
high standard of usefulness, but rather 
that the invention be capable of doing 
what it is supposed to do. One illustra- 
tion that has been used to convey what is 
meant by useful in the patent sense is 
the match that the patent examiner re- 
jected on the ground that it was inopera- 
tive. The story is that the inventor sub- 
sequently brought in a box of matches to 
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demonstrate before tbe examiner its 
operability. The inventor endeavored 
ninety-nine times nnsnceessfully to strike 
a light. Finally the one hundredth 
match lit. ''O.K./' said the examiner, 
^'It’s patentable.'' This story should 
not be taken too literally. 

The requirement that gives the pro- 
spective patentee most trouble is inven- 
tiveness," or, as it is more usually 
termed, “invention." Volumes have 
been written on the subject. But as yet 
no objective test or rule of law has 
emerged. The word invention cannot 
be defined ; nevertheless, the Patent Office 
and the courts will demand to be shown 
wherein your proposal “amounts to in- 
vention." 

Throughout patent history there runs 
a principle, or philosophy, that is sound 
in theory but difficult in application, 
namely, that to grant patents indiscrimi- 
nately is not in the public interest. The 
requirement of invention, or inventive- 
ness, is the outcome of efforts to evalu- 
ate proposed inventions from the stand- 
point of their value as contributions 
to the sum of human knowledge. 

Hence, before an inventor can obtain 
and hold a valid patent he is required to 
prove that his idea measures up to cer- 
tain standards of invention. But since 
there is no objective rule on the matter, 
the outcome depends upon the opinion 
of the tribunal judging the case. 

The provision in the Constitution of 
the United States that confers upon Con- 
gress power to formulate and enact the 
laws relating to patents, states in part : 

Congress shall have power ... to promote the 
progress of science and useful arts, by securing 
for limited times to . . . inventors the exclusive 
right to their respective . . . discoveries. 

Accordingly Congress has enacted the 
patent laws providing that: 

Any person who has invented or discovered 
any new and useful art, machine, manufacture, 
or composition of matter, or any new and use- 
ful improvements thereof, or who has invented 
or discovered and asexually reproduced any dis- 


tinct and new variety of plant, other than a 
tuber-propagated plant . . . may , . . obtain a 
patent therefor. 

To this provision and law have been 
ascribed the foundation for the conclu- 
sion that the mere fact that a device is 
novel and useful is insufficient to war- 
rant the granting of a patent; that, in 
addition, it must possess “invention." 
One judge put the matter thus : 

In the absence of this element of invention, 
the patent, if issued, must be held invalid, no 
matter how novel or useful it may be. 

(Smokador v Tubular, 
27 F 2d 948) 

In order to meet this requirement the 
inventor is permitted to show, if he can, 
that his conception or discovery is out of 
the ordinary. In the Patent Office he 
may persuade the examiner by advanc- 
ing arguments contending that the idea 
is one that would not in the ordinary 
course of events have occurred to a “man 
skilled in the art." Or the applicant in 
the Patent Office may show that his re- 
sults are unexpected, or that he made his 
discovery by accident rather than by 
design. 

The courts, in some cases, have gone so 
far as to require that in order to qualify 
as being inventive the conception must 
amount to a “flash of genius." This 
hurdle, however, is not for the most part 
as drastic as the use of the word genius 
would imply. And the Patent Office us- 
ually is satisfied if there is some evidence 
that the stature of the applicant as an 
inventor is one degree taller than the 
human yardstick, this fellow “skilled in 
the art." 

If the inventor before the Patent Office 
can show that he stumbled upon the dis- 
covery that is the basis of his invention 
in a manner analogous, for instance, to 
.the reputed discovery by Roentgen of 
X-rays, or that the knowledge that he is 
endeavoring to impart does not follow 
habitual or logical lines of thought, but 
just popped out unexpectedly, as it were, 
he has a good chance of convincing the 
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patent examiner that Ms device is pat- 
entable. 

An argument much used by patent at- 
torneys in behalf of their clients before 
the Patent OfBce and the courts is that 
workers in the art have long been trying 
to accomplish the particular result of 
this invention but have failed, and that 
now applicant has stepped in and suc- 
ceeded in solving the problem. This an- 
gle is sometimes referred to as the doc- 
trine of the ‘^ongfelt want/^ 

It is obvious that the prerequisite of 
“invention’’ in this view is identifiable 
as a criterion whereby the tribunals en- 
deavor to evaluate the device from the 
standpoint of its value to society as a 
contribution to the sum of knowledge. 
Since, however, the direct evidence of 
value at the time the case comes before 
the Patent Office or the courts usually is 
a future event, the courts are perforce 
compelled to resort to indirect evidence, 
which is less satisfactory than could be 
desired. 

It is clear that in securing patent 
rights to inventors it is the purpose of 
the Constitution, as plainly stated in 
the above-quoted portion, to “promote 
the progress of science and useful arts.” 
In order to so promote progress, the 
authors of the patent laws proposed to 
establish the means whereby a relation- 
ship in the nature of a contract could be 
drawn up between, on one hand, each 
producer of an advance in “science and 
useful arts” and, on the other hand, the 
people, whose representative is the Gov- 
ernment. The grant moving to the in- 
ventor is his exclusive right to exploit his 
innovation for a term of seventeen years 
in whatsoever manner he chooses, but ob- 
viously with emphasis on the possibilities 
for pecuniary profit. The consideration 
moving to the public is the disclosure of 
the contribution that the advance repre- 
sents. 

For example: Edison, taking cogni- 
zance of the patent laws, devoted his time 


and ingenuity to the production of new 
devices, notably, the incandescent lamp. 
Having produced this invention, he ap- 
plied for the advantages offered by 
patent law. The Government thereupon 
granted to Edison a patent that secured 
to him the means to control the output 
for seventeen years. By this grant 
Edison did not receive any direct reward 
but only a means whereby he could ob- 
tain reward if he undertook to put the 
incandescent lamp into actual produc- 
tion and succeeded. Presumably, by 
virtue of exclusive control, Edison de- 
rived financial advantages for seventeen 
years. At the end of this period, the 
patent expired, the price dropped, and 
Edison ceased to receive any special 
profit, but now the pqblic came into full 
use of cheap incandescent lamps, which, 
but for the patent laws, they either 
would never have received or would 
have received at a considerably later 
date. This illustration, of course, is 
oversimplified, but nevertheless describes 
fundamentally the operation of patent 
law which justifies its existence. 

To be patentable it is not necessary 
that an invention constitute a long stride 
forward, nor need it be complicated. 
The patent law recognizes the virtues of 
simplicity, and the idea of invention 
seldom or never involves the idea of mag- 
nitude. It is a qualitative, not a quanti- 
tative, standard. A small improvement 
or advance is just as much entitled to 
patent protection as a large one. It has 
been held in some decisions that to obtain 
“absolute simplicity” is the highest trait 
of genius. Slight improvements are con- 
sidered patentable, particularly in 
crowded arts, that is, where many prior 
inventions have been made. However, 
although the improvement be small, it 
still must amount to “invention.” 

The matter has been explained this 
way: 

Many things appear easy after they have been 
explained, and doubtless many a man has won- 



438 


THE SCIENTIFIC MONTHLY 


dered why he failed to think of some apparently 
simple device or improvement that yielded a for- 
tune to the one who did and revolutionized an in- 
dustry. The simple fact is that the average 
person sees things as they are, and he who has 
originality of vision enabling him to visualize 
defects and the means of overcoming them 
should receive adequate reward. (In re Huff, 
259 0 . a. 386 .) 

Scientific discoveries as sncli are not 
patentable. In one decision the follow- 
ing statement of law appears; 

It is well settled, however, that the discovery 
of a principle or law of nature, however valuable 
and beneficial the discovery may be to the 
human race, can never be made the subject of 
a patent. 

This doctrine does not rest on the theory 
of invention, bnt on a separate and dis- 
tinct ground, namely, that patenting of 
scientific discoveries is not provided for 
in the law. 

Obviously discoveries, such as New- 
ton’s formulation of the law of gravity, 
do not lend themselves to patent protec- 
tion. Abstract concepts are not subjects 
of any property rights recognized by law. 
In the first place, the difficulties of defin- 
ing the scope of an idea are formidable; 
second, it is believed by many that even 
if monopolies in ideas were possible, they 
would be contrary to public interest. 

But the doctrine that scientific dis- 
coveries as such are not patentable has 
been carried rather further than it is pos- 
sible to explain with entire satisfaction. 
While one might unhesitatingly agree 
that the constant of terrestrial gravita- 
tion or a new biological discovery lack 
patentable connotations, it is perhaps 
not so clear why the discovery of a new 
method of fumigating plants or of the 
use of ether to produce anesthesia are 
types of matters that have been denied 
protection by the courts. In each of 
these cases the Patent Office granted pat- 
ents, but these were subsequently held 
invalid by the courts. 

The basic decision holding scientific 
discoveries as such unpatentable is that 
which rendered invalid Dr. Morton’s 
patent on the use of ethyl ether to render 


the subjects of surgical operations insen- 
sible to pain. The conclusion in this 
case was curiously vindicated by the sub- 
sequent revelation that Dr. Morton was 
not the first inventor, having been antic- 
ipated by an obscure German who pub- 
lished his findings on the subject of anes- 
thesia in some out-of-the-way journal 
four years before. It may be that the 
judge who invalidated Dr, Morton’s pat- 
ent had actual knowledge of this prior 
publication, which, of course, would have 
invalidated the patent on ground of lack 
of novelty, but no mention of this cir- 
cumstance appears in the decision. And 
this decision on its stated premise came 
to be the precedent for a long line of 
cases holding the works of creative dis- 
covery unpatentable. 

It may be worth while, in view of the 
consideration that recently has been 
given to amend the law to include scien- 
tific discoveries in the category of things 
patentable, to review briefly Judge Ship- 
man’s reasoning in this case. First, 
Judge Shipman quoted the statute with 
the observation that to be patentable an 
alleged invention must come within the 
statute. He states that his inquiry was 
whether or not the Morton discovery was 
the type of thing that was embraced 
within the scope of the act. He con- 
cludes that it was not. He explains as 
follows : 

Very little light can be shed on our path by 
attempting to draw a practical distinction be- 
tween the legal purport of the words discov- 
ery ' ’ and ^ ^ invention. ^ ^ In its naked, ordinary 
sense, a discovery is not patentable. It is only 
where the explorer has gone beyond the mere 
domain of discovery, and has laid hold of the 
new principle, force, or law and connected it 
with some particular medium or mechanical con- 
trivance, by which or through which, it acts on 
the material world, that he can secure the ex- 
clusive control of it under the Patent Act. 

Finally, in order to secure a patent, 
the inventor must comply with the law 
in all its formal aspects, in which under- 
taking the services of an expert in pat- 
ent law are indispensable. The patent 
application must be drawn in accordance 
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with the requirements of the Patent 
Office and in contemplation of the pos- 
sibility of the introduction of the docu- 
ment in court. 

The application consists of pre- 
scribed parts : petition, oath, specifi- 
cation, claims, and drawing. Models 
and specimens are rarely required. 
The drawing must be in accord with 
exacting requirements, with which a 
patent draftsman is familiar but which 
are full of pitfalls for the inexperi- 
enced. Many chemical cases are not 
required to have drawings. 

The application must be prosecuted 
before the Patent Office in accordance 
with fixed rules of procedure. Copies of 
these rules can be obtained on request 
from the Patent Office. 

In the Patent Office the application is 
given primary evaluation by an exam- 
iner familiar with the particular field to 
which the invention relates. The course 
of prosecution rarely runs smooth. Nor- 
mally, the examiner will raise a great 
many objections to the case, which it is 
the business of the applicant and his at- 
torney to straighten out. 

The examiner always endeavors to 
show that the invention is not new. Fre- 
quently he is successful. It is a matter 
of amazement to some inventors to dis- 
cover that their ideas flourished in minds 
of prior inventors long dead and for- 
gotten. It is impossible, they feel, that 
their inventions could have escaped 
adoption. Yet, while anticipations oc- 
cur, there also is opportunity for nov- 
elty. While it is difficult for an inven- 
tor to bring into the world something 
phenomenally or basically new, it is also 
fairly difficult to conceive independently 
something exactly like someone thought 
of before. The contest usually resolves 
itself into a question of whether or not 
the novelty involves invention.’^ 

It is upon comparatively small differ- 
ences that patentability usually is based. 
Through the family resemblances of the 
children of necessity there occur indivi- 


dual variations. The examiner stresses 
the resemblances; the attorney empha- 
sizes the distinctions. 

An indeterminate number of alleged 
inventions are ^‘knocked out^’ by attor- 
neys in the course of preliminary 
searches of the prior art. Sometimes 
this is very devastating to an inventor, 
who has staked a great deal on his con- 
viction that he had something new under 
the sun. One attorney told me of show- 
ing a client an exact anticipation of his 
invention. The balked inventor, an en- 
gineer who had invested heavily in the 
development of the device, was so deeply 
affected by this discovery that he burst 
into tears. Of those inventions that sur- 
vive the first ordeal in the patent attor- 
ney’s office, and are made the subject of 
applications filed in the Patent Office, 
roughly 50 percent are casualties. 

When and if at last, after months of 
battle with the Patent Office, the inven- 
tor emerges victorious, what rights does 
the patent confer? 

The patent empowers the patentee, or 
those to whom he assigns his rights, to 
sue for infringement, to restrain others 
from practicing the invention, to issue 
licenses. Some inventors choose to go 
into business and manufacture their in- 
ventions, but the majority are more in- 
terested in either granting royalty-bear- 
ing licenses or disposing of their patent 
outright to some firm. 

It is not fair to inventors to hold pat- 
ents up as royal roads to fortune. A 
distressing minority pay the inventor as 
much as one cent. There really ought to 
be attached to each and every patent that 
issues from the Patent Office the follow- 
ing warning: 

Inventor, beware! This patent is only a li- 
cense to sue. It does not insure any monetary 
reward. It does not vouch for the commercial 
value of the invention. It may ultimately prove 
to be not valid. What the courts will do to it 
is beyond prediction. While you were before 
the Patent Office we tried to regard you as a 
benefactor of society. But from now on you ^re 
on your own. Allah be with you! 



GENERAL SEMANTICS AND THE SCIENCE 

OF MAN 

By CHARLES I. GLICKSBERG 


More tlian ten years have gone by 
since Count Alfred Korzybski, a Polish 
mathematician and engineer, published 
his magnum opus Science and Sanity: 
An Introduction to Non- Aristotelian 
Systems and General Semantics (Lan- 
caster : Science Press Printing Company, 
1933). And although a second edition 
appeared in 1941, there are still many 
intelligent people — including not a few 
scientists — ^who do not know what gen- 
eral semantics is. 

There are, of course, various schools of 
semantics: general semantics as formu- 
lated by Korzybski ; semantics, or Orthol- 
ogy, as developed by I. A. Kichards and 
C. K. Ogden ; sematics, or logical syntax, 
as set forth by Carnap. Korzybski, in 
‘^Psychiatry, Psychotherapy and Pre- 
vention^’ (M. Kendig, Ed., Papers from 
the Second American Congress on Gen- 
eral Semantics. Chicago: Institute of 
General Semantics, p. 95. 1943), ex- 

plains his use of the term thus : 

The word semantics is derived from the Greek 
semantikoSj ^ ' significant ’ from semainein 
signify^’, 'Ho meaIl'^ This term was intro- 
duced by Michel Breal in 1897. Originally, 
and even today, "semantics^* is used for the 
most part in tlxe sense of the "meaning’^ of 
words as defined by words, and the significance 
of words as affecting human reactions has been 
neglected. It is true that the two terms 
"meaning'^ and " significance ' ' somehow over- 
lap, with a resulting confusion and difficulty 
of analysis. We use the term "general seman- 
tics'^ in preference to the old "semantics'' to 
indicate a fundamental difference between the 
two. The older diificulties originated because 
specialists in the "meaning" of words disre- 
garded an unavoidable factor; namely, that 
any linguistic or mathematical theory must 
begin with undefined terms which cannot be 
defined any further by words. In principle 
these undefined terms are labels ‘for direct ex- 
periences and observations which involve sub- 


cortical processes on the silent {un-spealca'ble) 
level. Obviously no amount of verbal defini- 
tion can convey to the individual first order 
pain, which ho has to evaluate on the silent, 
organismal level inside of his skin. 

General semantics, therefore, attempts 
to employ scientific knowledge and the 
scientific method as an aid to sane living. 
But how can this be accomplished when 
each science is technical and specialized, 
dealing as thoroughly as possible with 
some isolated aspect of a more inclusive 
whole? As formulated by Korzybski, 
general semantics proposes to put an 
end to this atomization of scientific 
knowledge and scientific thinking. Sci- 
ence must be both humanized and syn- 
thesized. If we are to lead lives that 
are rational, well-ordered, instinct with 
meaning and purpose, we must have an 
adequate picture of “reality^’ and we 
cannot draw that picture without the 
aid of a science which will coordinate 
and unify the various other sciences. 
Whatever synthesis we arrive at will be 
provisional. New knowledge is created 
at every moment in the dynamic space- 
time continuum. The scientific synthesis 
is therefore perpetually unstable, subject 
to incessant revision. That is why it be- 
comes necessary to “date^^ our knowl- 
edge and the beliefs we base on this 
knowledge. 

Yet scientific knowledge must be ap- 
plied if it is not to remain abstract and 
sterile. The supreme task of twentieth- 
century man is to utilize the knowledge 
he already possesses in such abundance 
and apply it to the end of personal and 
social happiness. Judged from this 
point of view, general semantics has 
much in common with scientific human- 
ism. It levies heavy tribute upon every 


440 



GENERAL SEMANTICS AND THE SCIENCE OF MAN 


441 


science, from astronomy and higher 
mathematics to dynamic logic, psy- 
chiatry, anthropology, medicine, and 
colloidal chemistry, in order to build up 
a science of man. What it attempts to 
do is to train people in the consciousness 
of abstracting and in the proper method 
of evaluation. They must stop identify- 
ing words with things; they must also 
realize that they live in a four-dimen- 
sional world where every point in space 
has a time-coordinate. The universe of 
matter is constantly undergoing change ; 
it is dynamic, whereas many of our lin- 
guistic counters and conventions are 
static. We must endeavor to make our 
language similar in structure to the 
facts it is designed to represent. The 
facts must come first, then the words and 
the definitions, the theories, interpreta- 
tions, and philosophies. That is the ex- 
tensional method of science. General 
semantics as a methodological discipline 
can free us from the prison that lin- 
guistic habits and unconscious assump- 
tions build for each one of us. 

Count Korzybski was quick to realize 
that education was fundamental if the 
semantic reactions of the oncoming gen- 
erations were to be properly trained. 
Unfortunately, a majority of teachers, 
Korzybski charges, are at present largely 
ignorant of ‘^modern science, scientific 
method, structural linguistic and seman- 
tic issues of 1933. . . .’’ Korzybski ’s 
aim is to educate the new generation to 
make the difficult transition from Aristo- 
telian and Newtonian to non- Aristotelian 
and non-Newtonian systems. The goal 
is not intellectual understanding alone, 
but a transformation that will affect 
the organism-as-a-whole. The important 
thing is to ^^extensionalize,’’ to look first 
at the facts, to learn something about 
the structure of the world, which is the 
only source and content of knowledge. 
General semantics is thus a generalized 
scientific methodology. Scientific think- 
ing is not to be reserved for the lecture 


hall or the laboratory; it is to become 
a habit, a series of neurosemantic ad- 
justments to the facts of life, a method 
of evaluation which will promote sur- 
vival values at the highest human level. 

General semantics in education will 
not come into its own until teachers 
make the effort to grasp what general 
semaiitics attempts to do, how it does it, 
and what, under the proper conditions, 
it can accomplish. It took a long time 
for science to find a place for itself in 
the curriculum, and science teaching 
even now, though it is highly successful 
in various specialized fields, is failing to 
achieve what should be its primary ob- 
jective: the training of the young in 
scientific thinking so that it becomes as 
habitual as cleanliness or social polite- 
ness. Increasingly the demand is being 
heard that the basic science course 
should be required of all students, and 
that it should be integrated into the 
secondary school curriculum. That con- 
summation, however, will not take place 
until the scientific attitude permeates 
every possible phase of the curriculum. 
The student as well as the teacher must 
cease to think of it as a departmentalized 
unit of instruction: so much technical 
subject matter to be assimilated in a 
given course. Here the methodology of 
general semantics can come to the rescue 
by humanizing the findings of science 
and applying them, in a language spe- 
cially suited to the purpose, to the com- 
plex area of social and personal living. 

The mistake of those who not so long 
ago propagandized the schools in behalf 
of propaganda analysis was that they 
made doubt an end in itself. Abstrac- 
tions were to be distrusted because they 
might be, and often were, employed for 
evil purposes. General semantics avoids 
this danger by pointing out that lan- 
guage, though it can be abused, can also 
be used for effective adjustment to real- 
ity. "Words are not fixed entities; they 
are dynamic, chameleon-like creatures 
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influenced by their contextual environ- 
ment. They are shaped and colored by 
the organismic events that precede their 
emergence. They do more than state 
facts or single out objects for our at- 
tention: they also suggest; they evoke 
moods; they compose the substance of 
poetry and prayer. 

Words admirably illustrate the theory 
of relativity. The same word may be 
multiordinal in nature; it may refer to 
a single aspect of a manifold of mean- 
ings. Light is meaningless apart from 
darkness ; night from day ; no from yes ; 
strength from weakness; health from 
disease. Which aspect of meaning is in 
question is determined by the context. 
Language manifests the relativity that 
is observable in human knowledge. For 
Nature too is dialectical ; things are not 
solid entities but streams of energy that 
merge with other streams and appear 
qualitatively different. Language must 
reflect this protean and dynamic char- 
acter of the world. 

Language, like the world itself, is con- 
stantly undergoing change. If words 
change in meaning, it is because men 
change. The dictionary can be of only 
small help in the search for meaning, 
except in the sciences, where the mean- 
ing of words is stabilized. The diction- 
ary contains but the dead bones of lan- 
guage. Words are not isolated units 
that can be taken apart, defined, and 
then pieced together again. The gen- 
eral semanticist tries to make the young 
realize that words are not things. They 
are but symbols: maps representing 
some territory. There are good maps 
(which enable us to reach our goal) and 
bad maps (which represent territory 
never seen on land or sea). Hence we 
must learn that words mean what we 
make them mean in a given context. The 
same word may change its meaning from 
one sentence to another and even within 
the selfsame sentence. What is more, if 
words are symbols, then there are words 


for which there are no referents in real- 
ity : unicorns, griffins, and square circles. 
Conversely, there are things in reality 
for which there are no words. 

Thus the process that determines the 
relation between an object or event and 
a word is extremely complex. The analy- 
sis of linguistic usage is no academic 
matter ; it leads inevitably into a discus- 
sion of how we know that we know. 
What is the bond that obtains between 
verbal symbols and nonlinguistic objects 
and occurrences? How do we arrive at 
meaning f Furthermore, if words are 
not things, it follows that they communi- 
cate only a highly selected and condensed 
portion of experience, the part that is 
focused. No matter what we say about 
an object or event, something has been 
left out. That is why language, however 
detailed and precise in its description, 
does not exhaust the nature of reality. 
The important thing is to establish some 
sort of valid connection between word 
and object, between object and word. 
That is to say, language must be ^ '' exten- 
sionalized.’’ Finally, since words are 
general, the correspondence between a 
statement and the experience it repre- 
sents cannot be quite exact. Bertrand 
Eussell says in An Inquiry into the 
Meaning of Truth (New York, 1940) : 

There is no point in the growing pre- 
cision of our language beyond which we 
cannot go; our language can always be 
rendered less inexact, but can never be- 
come quite exact.’’ 

General semantics is concerned with 
language because language is a vitally 
important, man-made instrument for 
helping man to adjust himself to his 
environment. Adjustment to reality, 
through language, involves more than 
the command of a large vocabulary; if 
that were the ease, lexicographers like 
Samuel Johnson would approximate our 
ideal of human excellence. No, language 
as a means of proper adjustment to real- 
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ity is inescapably associated with the use 
of dynamic logic. Most books on formal 
logic tell ns how to think, concentrating 
on method to the exclusion, for the most 
part, of significant content. The implicit 
assumption of course is that if we know 
how to reason correctly, we will infallibly 
hit upon the right conclusions. General 
semantics demonstrates that this is a non 
sequiiur. 

And yet there has never been a more 
crying need for disciplined thinking. 
There is no reason why logic — dynamic 
logic — should remain abstract and theo- 
retical. If it is to be dynamic, it must 
educate ‘*the mind,’’ and the best way 
of doing that is by attacking entrenched 
dogmas and popular fallacies and preju- 
dices and exposing them to the light of 
day. Exercises of this kind are an excel- 
lent method of validating the scientific 
method in action. 

We must come to understand that 
there is an advantage in having many 
hypotheses competing with one another 
for our acceptance. In this way, more 
and more facts are disclosed that must be 
accounted for. Even the scientifically 
trained eye observes only a part of all 
that there is to be seen. Judgment based 
on all the facts is an ideal that science 
cannot hope to achieve. Its data can 
never be altogether complete. It is there- 
fore better to entertain a plurality of 
theories, each of which will demand that 
we order our facts within the required 
framework. This puts an end to the two- 
valued system of orientation: right or 
wrong, either-or. An infinite- valued ori- 
entation makes it clear that no hypothe- 
ses are absolutely certain ; they possess a 
degree of probable truth ranging from 
zero to one hundred percent. Invariably 
it is a question of more or less; that is 
the best we can hope for. 

General semantics, like science, pic- 
tures a problematical universe in which 
even stubborn, irreducible facts prove to 
be strangely elusive. They are change- 


able and subject to correction. A scien- 
tific logic consequently trains the young 
not to have any excessive faith in 
“facts.” It is a superstition, Professor 
P. C. S. Schiller tells us, “that ‘facts’ are 
plain, straightforward, and easy to dis- 
cover; they are often subtle and recon- 
dite and relative to circumstance, chang- 
ing their aspect to suit their scientific 
environment like any chameleon.” If 
facts are thus subtle and recondite and 
changeable, it is not surprising to find 
that words, too, are caught up and borne 
along on the tidal sweep of change. The 
recognition of the instrumental value of 
words and the role they play in precipi- 
tating meaning will help, as Schiller 
points out, to safeguard us against “the 
terrible verbalism to which logic has been 
enslaved!” 

General semantics can arm us with 
potent weapons in the fight against this 
^ ‘ terrible verbalism. ’ ’ It has worked out 
a number of devices (they are no more 
than that) which can teach students how 
to counteract the elementalism inherent 
in traditional language. These are the 
devices of indexing, dating, the use of 
“etc.,” the hyphen, and quotation marks. 
If each thing in dynamic nature is 
unique, complete sameness between any 
two things does not exist. If language 
is to be similar in structure to the world 
it endeavors to represent, it must index 
its statements and thus achieve an infi- 
nite-valued orientation. Smithi is not 
like Smiths; Negroi is not like Negro 2 . 
It is also necessary to cultivate the syste- 
matic use of the device of dating state- 
ments. The Germany of May 1946 is 
unlike the Germany of May 1940. To 
reinforce the attitude of non-allness, it 
is wise to use “etc.” to make it clear that 
not everything has been said. The 
hyphen is a linkage device, as in “space- 
time,” to overcome the elementalism that 
haunts our use of a language stiU domi- 
nated by Aristotelian categories of 
thought. Quotation marks are merely 
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warning signals to tlie reader to beware 
of the way in which a word is being used. 
The general semantieist would enclose 
‘^mind^’ and ‘‘consciousness’^ in quota- 
tion marks because there are no such 
separable entities in the human organism. 

Not one of these devices, if properly 
explained, is beyond the grasp of the 
high school adolescent. To teach them 
as principles, however, and to establish 
them as ingrained habits are two differ- 
ent things. One relies principally on 
verbal mastery, the other depends on 
assimilating the method and the material 
so thoroughly that in the future we do 
not jump hastily to conclusions or act 
impulsively. A kind of automatic neuro- 
logical delay is effected. 

Another advantage in the teaching of 
general semantics is that the student uses 
himself as a guinea pig : his experiences 
constitute his laboratory material; he 
makes his own scientific discoveries and 
applies them to problems with which he 
is personally familiar. In this way the 
“course of study” remains perpetually 
fresh and challenging and new. There 
are no rigid boundary lines, no compul- 
sory textbooks. Take the device of non- 
allness. As an abstract principle it can 
be “taught,” copied down in a notebook, 
and memorized in a few minutes. Noth- 
ing is gained thereby. The student per- 
sists in his old ways, like the sinner who 
backslides after listening to a soul-stir- 
ring Sunday sermon. He has only ac- 
quired another bit of interesting but 
useless information. The device should 
be withheld until the very last. Only 
after the student has worked out the 
application should the idea be driven 
home. The first step in applying the 
device of non-allness is to consider what 
a “fact” is — a most complicated proce- 
dure. Philosophers have spilled Niagaras 
of ink over this highly complex and 
controversial issue. When is a fact a 
factf How do we know a fact when we 
encounter it?^ 


“This pencil” (holding it up for the 
class to see) — ‘ ‘ is it a fact ? ’ ’ Certainly. 
Well, how does one prove that the pencil 
“is”? The senses are our telltale re- 
porters. We depend on them to help us 
understand the world of things aright. 
But do not the senses often deceive us? 
Sometimes we see things that are not 
there and hear things said that are not 
spoken. Witnesses are notoriously unre- 
liable in their testimony. Neither the 
eyes nor the ears nor the other senses are 
perfect registering instruments. What 
we do is to verify our impressions by 
comparing them with those of other pre- 
sumably qualified observers. Thus we 
obtain a sort of working agreement. 

Even at that, “the fact” is still con- 
jectural, an opinion, and not an ironclad, 
indubitable reality. Scientists have fre- 
quently emphasized this point, namely, 
that our postulation of a reality outside 
of us is a hypothesis and nothing more. 
We accept it as valid for the simple 
reason that it does not as a rule play us 
false. When we do not go wrong, we 
assume that our hypotheses concerning 
reality must be correct. Sometimes, how- 
ever, our senses are not acute enough to 
perceive a “fact.” How do we detect 
microbes, viruses, vitamins, electrons ? 
We cannot see them, touch them, smell 
them, hear them. What we do is to de- 
vise scientific instruments which are, as 
it were, extensions of our five senses. 
They make recordings of what is happen- 
ing on the microscopic and submicro- 
scopic level. They furnish important 
evidence of what would otherwise remain 
unknown. Then we interpret this evi- 
dence and obtain a rough approximation 
of what a fact is — ^nothing but a conven- 
tional agreement. 

The world of reality has now been dis- 
integrated, broken down from its pulsat- 
ing actuality and organic wholeness. A 
pencil mirrors the state of the universe 
in flux. The terrible doubt of appear- 
ances has overcome the student and he is 
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no longer the same. He begins to ques- 
tion, to analyze, to look behind the veil 
of solid, substantial reality. To the un- 
initiated who depend on common sense 
this may seem very much like quibbling. 
What difference does all this make? 

It makes a great deal of difference. 
Our understanding of the world and of 
ourselves, our interpretation of reality, 
hinges on the determination of this issue : 
When is a fact a fact ? How do we know 
that we know? Even if convinced that 
the methodology of general semantics 
does make a difference, the doubting 
Thomas is apt to ask what he considers 
a disconcerting question: '"Can it be 
taught?’^ That is the question, usually 
with damaging implications, which often 
meets the proposal that general seman- 
tics be made an integral part of modern 
education. The only effective way of 
answering this question is with a fait 
accompli. When Alice asked, ‘‘What is 
a Caucus-race?’’ the Dodo, the reader 
will recall, replied : “Why, the best 
way to explain it is to do it.” Which 
is, by the way, an excellent example of 
general semantics in action, even if the 
Dodo had never heard of it. 

To come back to the device of non-all- 
ness. Our language is shot through with 
the assumption of “aUness.” There is 
a tendency, too, to strengthen our case, 
whenever we generalize, by making it 
universally applicable. Writers of ad- 
vertisements will say, “All women are 
wearing this style of hat now.” There 
used to be an old popular song which 
began: “Everybody’s doing it.” Pro- 
verbial expressions, the homely wisdom 
of common sense, testify to this linguistic 
habit. If, however, we extend the device 
of non-allness to other areas of experi- 
ence, its significance and range of appli- 
cation become much clearer. One sin 
does not make a sinner. One crime does 
not make a confirmed criminal. One 
disappointment in love should not make 
us condemn all women as two-faced. A 


number of disillusioning encounters with 
the worst characteristics of human na- 
ture — selfishness, treachery, baseness, 
corruption — should not lead us to com 
elude rashly that all human nature is 
essentially vile. 

The aim of general semantics, once 
more, is not to make students suspicious 
of the uses of language. They are not 
trained to hunt for a fallacy lurking in 
every statement. What it does is to pro- 
vide them with exercises which will make 
them realize the nature of language and 
thus be forewarned and safeguarded 
against the abuses to which words can 
be subjected. They are not left with the 
dismal feeling that all language is a trap, 
that its main purpose is to betray, that 
all discourse is a species of cunning 
propaganda. No, language is meant to 
serve as a map. 

General semantics seeks to make this 
linguistic map correspond as closely as 
possible in structure to the territory it is 
supposed to represent. After a time, sju- 
dents trained in general semantics derive 
considerable amusement from spotting 
‘ ‘ loaded ’ ’ words like ‘ ‘ globaloney, ’ ’ 
“Jew Deal” for “New Deal,” “crack- 
pot,” “freedom of enterprise,” “uto- 
pian,” “radical,” and “red.” They 
enjoy studying the art of verbal camou- 
flage as it functions during wartime. On 
September 26, 1943, the New York Times 
printed a release from the Office of War 
Information, which listed thirty differ- 
ent ways employed by the Germans to 
disguise the unpalatable facts of retreat. 
These propagandistic alibis from the 
German military lexicon make fascinat- 
ing reading: retreats become “planned 
withdrawals, ” “ defensive successes, ’ ’ 
‘ ‘ successful disengagements, ” “ unen- 
circling maneuvers,” and so on. 

The most beneficial lesson that general 
semantics has to teach deals with the 
consciousness of abstracting. What 
Korzybski emphasizes again and again 
in Science and Sanity is that we cannot 
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open our mouths without abstracting, 
and that it is to our interest, if we wish 
to lead sane lives, to become conscious of 
this process. Geometry, for example, 
deals with the abstractions of actual 
things in the world. The only difference 
between these abstractions and those 
fathered by the celebrated man in the 
street is that the former are exact and 
the latter are approximate. With exact 
abstractions we can gradually secure 
mastery over our environment. With 
loose, makeshift abstractions we not only 
make serious blunders but also bring 
about costly nervous maladjustpients. 
What distinguishes man from the ani- 
mals is precisely this power to abstract. 

If abstractions are fundamental to the 
business of sane living, it is essential that 
we learn how to use them intelligently. 
Talking about language is futile. It only 
serves to confuse. It is better procedure 
to take some text with which students 
are already familiar and which they 
think they understand. For example, 
what does the saying, ‘‘All men are cre- 
ated equal, ' ’ mean 1 What are the facts ? 
Are men equal physically, financially? 
In skill, strength, talent, beauty, intelli- 


gence, length of life? Decidedly not. 
Then what does the phrase mean, if it 
means anything? Are the runners be- 
fore a race equal? Are all students in 
the classroom equal ? Gradually students 
learn that there are no absolutes, no 
hard-and-fast oppositions. A thing is 
not either good or bad, equal or unequal, 
superior or inferior, right or wrong. 
Such two-valued orientations are false 
to fact. 

Where general semantics is to be 
taught is a problem that can best be 
decided by experimental practice. It has 
been applied with notable success in such 
fields as English, public speaking, mathe- 
matics, and even medicine. Where it is 
most needed and where it will probably 
achieve the greatest measure of success 
is in the teaching of science on the secon- 
dary school level. The habit of scientific 
thinking and a corresponding mastery of 
language as a man-made instrument — if 
general semantics can bestow these twin 
gifts on the young there is no reason why 
it should not be incorporated in the cur- 
riculum, no matter how “revolutionary 
such an innovation may seem to the up- 
holders of the educational status quo. 



CONSIDERATIONS IN REGARD TO TAX 
CAPITALIZATION 

By CARL F. WEHRWEIN* 


The burden of some taxes does not 
remain upon the persons or concerns who 
turn the money over to the government 
but is shifted by them to others. The 
burden of a new tax levied upon a mer- 
chant, for example, is shifted to his custo- 
mers if he, because of the tax, raises the 
prices of the goods he sells. A merchant 
may not in every case of an increase in 
his taxes be able, however, to raise the 
prices of the goods he sells because his 
customers may, owing to the availability 
of acceptable substitutes sold by other 
merchants, refuse to pay the higher 
prices. The taxes levied upon property 
which endures either perpetually or for 
a long time (land or land and substan- 
tially built buildings) are sometimes 
shifted by the process of capitalization. 
This can occur only when such property 
is sold, and the taxes which it is expected 
will after the sale be levied upon the 
property are shifted from the buyer to 
the seller. In brief, this is done through 
the sale price, the price being lower than 
it would be if no taxes were going to be 
levied. The fact that the taxes reduce 
the capital or sale value of the property 
is the reason the term ^^capitalization’’ 
is applied to this method of shifting. In 
connection with every tax, the question 
of its incidence — the person or group 
upon whom the burden will finally rest 
—naturally is of great importance. 

Much has been written about the capi- 
talization of taxes, particularly in con- 
nection with the taxes levied on land, 
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but there still is considerable confusion 
and difference of opinion in regard to 
this process. I shall try to show clearly 
(1) that in spite of the capitalization 
which takes place, the burden of all the 
taxes levied on land (in this discussion 
the term ‘^land” should be understood 
to mean real estate, — that is, land and 
buildings) is borne by the landowning 
group, and (2) that some of the capital- 
ized taxes do not stay capitalized. 

It is generally agreed that in the cases 
of certain sales of land the taxes which 
are later levied on the property are not 
capitalized. In general, if land is sold 
when the market is a sellers’ market, the 
purchasers cannot capitalize the taxes 
which will thereafter be levied on the 
property. In a sellers’ market, the sel- 
lers are in an advantageous position as 
compared with the buyers — the demand 
for land is high, and the amount for sale 
is relatively low. A good illustration of 
a sellers’ market is the period of the 
farm land boom which followed the first 
World War. Of course the burden of all 
land taxes which cannot be capitalized 
when the property is sold is borne by the 
purchasers, assuming that they cannot 
shift the taxes in some other way. In 
the cases of certain other sales of land, 
however, the taxes subsequently levied 
on the property are capitalized. In gen- 
eral, if land is sold in periods of buyers ’ 
markets (the opposite of sellers’ mar- 
kets), the purchasers of the property are 
able to capitalize and thus shift to the 
sellers the future taxes which will be 
levied. 

It has been loosely argued that to the 
extent of the land taxes which are capi- 
talized, the burden of this type of tax is 
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lighter than has been claimed, and that 
complaining about the burden insofar as 
it involves these particular levies is not 
justified. This of course is true as far 
as the landowners whose taxes have been 
capitalized are concerned. However, it 
must be remembered that the process of 
capitalization of taxes on land consists 
merely of the shifting by the purchasers 
of such property of the taxes which will 
subsequently be levied on it to the sellers, 
who are other members of the landown- 
ing group. The sellers who after the 
sales have been made still own some land 
continue to be members of this group. 
However, even the sellers who after the 
sales no longer own any land should, as 
far as the taxes shifted to them by capi- 
talization are concerned, be considered 
still to be members of the group, because 
it can be assumed that the losses they 
thus sustained came out of the wealth or 
assets they accumulated in the process of 
the ownership and operation of the land 
sold. Hence, the burden of all the taxes 
levied on land is borne by the landown- 
ing group (assuming that the taxes are 
not shifted to others by some method 
other than capitalization), and the argu- 
ments that have been advanced to the 
effect that these levies are excessive can- 
not, as far as these property owners as a 
group are concerned, be qualified by any 
claim of part of the burden having dis- 
appeared as a result of its capitalization. 
Of course, as between the members of 
the group/ the burden may be inequitably 
distributed. 

Professor Harold M. Groves has 
claimed (Financing Government^ New 
York: Henry Holt. p. 123. 1939) that 
if land is purchased under circumstances 
favorable to tax capitalization, the pur- 
chaser “buys free of and capitalizes only 
the differential tax burden on the par- 
ticular as compared with alternative in- 
vestments^’ (the excess, if any, in the 
taxes on the land above those levied on 
alternative investments) . Groves repeats 


this argument at another place (p. 150), 
as follows : 

It should be remembered . . . that eapitaliza- 
tiou aud shifting even under the most favorable 
circumstances do not entirely absolve the tax- 
payer from burdens. Capitalization relieves 
oniy to the extent that taxes on one investment 
are higher than those upon others. 

It would appear that this would be true 
only if the taxes on the alternative in- 
vestments could not be capitalized. The 
future levies on land purchased can be 
capitalized to the extent of not only this 
differential but also the capitalized taxes 
on the other possible investments. 

However, my main point is that cer- 
tain capitalized land taxes do not stay 
capitalized but by a psychological proc- 
ess revert to the purchaser of the prop- 
erty. Let us suppose that a farm is sold 
and the conditions are such that the taxes 
which will thereafter be levied on it are 
fully capitalized. Let ten years go by. 
Will the purchaser still claim that he is 
not bearing the burden of the taxes cur- 
rently being levied upon the farm? I 
do not think so. He will by that time be 
complaining about taxes as much as any- 
body else. He will have shifted his psy- 
chological base in regard to those taxes. 
There are two reasons for this change in 
his attitude. In the first place, the 
money which he will be turning over in 
payment of the taxes will be money that 
he has earned by his own efforts in oper- 
ating the farm. In the second place, the 
fact that those taxes were capitalized 
when he purchased the farm will have 
faded into the distance, and, if he has 
not already forgotten all about that fact, 
it will have become so hazy as to appear 
unrealistic to him and can no longer 
serve as a sound basis for his views re- 
garding the taxes being levied on the 
farm. Hence, the burden will seem to 
be resting on him. 

Similarly, the seller will after the expi- 
ration of the ten years no longer be feel- 
ing that he is bearing the burden of the 
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taxes currently being levied upon the 
farm. During all the time since the sale 
he will not have been taking money out 
of his pocket to pay the taxes on the 
property, and the loss he sustained in the 
capitalization process will have pretty 
well faded out of his memory. It will 
seem remote and impersonal to him, and 
he will have stopped considering it in 
formulating his views regarding the 
taxes he is currently paying. 

Certainly most buyers and sellers of 
land in the cases in which the new owner- 
ship situations created continue to exist 
for a considerable period of time undergo 
these changes in attitude toward the 
capitalized taxes. This is, therefore, for 
all practical purposes a general situa- 
tion. It may be argued that, though land 
taxes may not stay capitalized in a psy- 
chological sense, they must actually re- 
main capitalized in an economic sense. 
But if they do not stay capitalized in a 
psychological sense — that is, if, on the 
one hand, the owners of land after the 
expiration of a period of years generally 
become convinced that they are bearing 
the burden of the taxes, and, on the other 
hand, the last sellers of the land, after 
the same period of time generally feel 
that they are no longer bearing the bur- 
den, and if all other people, including 
politicians and lawmakers who may pass 
laws upon the basis of this view in gen- 
eral agree with them — do the taxes stay 
capitalized in the economic sense ? I do 
not think it would be realistic to say that 
they do. During this period of time the 
owners and the last sellers will have 
adjusted all their related economic cir- 
cumstances to, or built them up on the 
basis of, this view. 

This change in attitude on the part of 
the buyers and sellers of land toward 
capitalized land taxes is natural and 
normal. The same type of thing hap- 
pens in connection with unsecured debt, 


especially if the amount involved is rela- 
tively small. This is the basis of the 
statutes of limitation regarding debt. 
These statutes provide that if no part 
of an unsecured debt or of the interest 
thereon is paid, or the borrower does not 
in some other way reaeknowledge the 
debt within a certain period of time, the 
debt is ‘‘outlawed,^’ and the legal claim 
of the lender against the borrower termi- 
nates. These statutes are based upon 
the fact that if no part of an unse- 
cured debt or of the interest thereon has 
been paid within a certain time, the 
lender has abandoned his claim ; he has 
in his own mind written the debt off ; he 
has fully adjusted himself to the non- 
repayment of the money. Here, then, is 
another instance of the acceptance with 
the passage of time of certain circum- 
stances as being permanent or realistic 
which had originally been expected or 
understood to be temporary or unreal. 

Hence, it appears that the capitaliza- 
tion of land taxes is only a temporary 
phenomenon. Taxes levied on any land, 
if they are capitalized at all, remain 
capitalized only during a certain period 
of time, and at the expiration of that 
period the burden reverts to the pur- 
chaser. Groves also touches on this in 
a discussion of the capitalization of taxes 
on farm land, as follows (p. 150) : 

. . . much farm laud remains for many years 
in the possession of a single family. Of the 
3,800,000 farm operators who owned their farms 
in 1935, about 44.5 percent had been operating 
their farms for a period of 15 years or more. 
. . . Insofar as farmers retain their farms, . . . 
the capitalization process does not operate. 

What is true of land taxes in this re- 
gard is in general, for the same reasons, 
also true of taxes levied upon other types 
of tangible property. 

Economic theory should not be made 
to be more logical or consistent than 
human beings or their economic activi- 
ties themselves are. 



SEEING SUMMER SOUNDS 
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From midsummer to early autumn 
there is a wealth of outdoor sounds that 
we have scarcely dreamed of until we 
have made a conscious effort to listen 
for them. The human ear is a remark- 
able acoustic instrument. However, the 
average person cannot tell the pitch nor 
the loudness level very accurately with- 
out some form of detecting meter to 
make the sound visible^ as it were. 
Some of the ‘'sounds” may even fall 
outside the frequency range of 16 to 
16,000 cycles per second that can be 
heard by the average person with good 
hearing. A few people can hear 22,000 
cycles per second if the intensity is large 
enough. 

On August 14, 1945 (V-~J Day), I was 
using a General Radio Sound Level 
Meter to measure the intensity level and 
the loudness level of sounds produced 
by insects in my flower garden. When 
the State College V-J celebration was 
well under way, its intensity level was 
measured and found to be about 70 
decibels at f mile from the business dis- 
trict. The level for ordinary indoor con- 
versation is about 60 decibels (Fig. 1). 
To carry on a conversation through this 
V-J noise, the speech level had to be 
raised to 75 or 80 decibels. At half the 
above distance, (f mile) the V-J noise 
was probably about 76 decibels. 

The intensity level of a sound is mea- 
sured in decibels, and the intensity itself 
is measured in watts per cm^. The level 
is said to be zero decibels for an intensity 
of 10"^® watts/em^. A 1,000-cycle note 
of this intensity is at the threshold of 
hearing (just audible) for a person with 
acute hearing. Ordinary conversation 
(60 db) represents 10'"^® watts/cm.^, 
which is one million times the threshold 


intensity. Ten decibels are added to 
the intensity level each time the intensity 
at the ear or the power of the source is 
multiplied by ten. The loudness, or 
noise, level is measured in phons by ad- 
justing the loudness of a controlled 
1,000-eycle sound to an equal loudness 
as judged by an observer. Then the 
loudness level in phons of the first sound 
is said to be equal to the adjusted in- 
tensity level in decibels of the second 
sound. The unit of loudness level is 
sometimes called the decibel also, but the 
loudness level of a sound in phons and 
its intensity level in decibels are not in 
general the same. They are equal, how- 
ever, if the sound is a 1,000-cycle note. 
At 35 cycles per second, the threshold 
loudness (zero phons) corresponds to 
about 63 decibels (Figs. 1, 2). 

Some of the bombing in the recent 
war was accomplished by radar without 
even a glimpse of the target. Bats avoid 
obstacles in the dark by means of sound 
waves whose frequency is too high to be 
heard by man. In a somewhat similar 
way in a dozen or more cases I have 
located slender meadow grasshoppers, 
Conocephalus fasciaius, by means of a 
meter for high-frequency sound waves. 
Both long- and short- winged species were 
located. Both are long-horned. Before 
it was known that these grasshoppers 
produced 40-kilocycle sounds, I was ex- 
ploring with the meter in a general way 
when at a certain spot the meter de- 
flected strongly. The spot could be 
located to the nearest 2-foot cube, but 
no insect was found. On the second 
afternoon nearly the same spot was 
located in the flower bed, and again no 
insect could be found. On the third 
afternoon a more cautious procedure 
460 
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located the insect to the nearest few 
inches, and then it was seen. Its color 
matched that of the plant on which it 
sat, and it managed to keep almost hid- 
den by the plant. In each ease, maxi- 
mum deflection of the meter occurred 
when it was tuned to 40 kilocycles per 
second. The intensity level 4 to 6 inches 
from the insect was about 75 decibels. 
Because there was also a smaller deflec- 
tion at 20 kilocycles per second, an as- 
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equal-loudness contours for average ear. 

sistant whose hearing range extends to 
22 kilocycles per second was called to 
listen. He could hear the 20-kilocycles- 
per-second component quite clearly and 
also a weak sound of lower frequency. 
Then the grasshopper was caught. It 
was identified as Co%ocephalus fasciaius 
by Professors S. W. Frost and V. E. 
Haber, of our Department of Zoology 
and Entomology. They also identified 
the others named herein. 

Later tests at several distances showed 
that the greatest intensity level in the 
40-kilocycle band was 86 decibels at a 
distance of 10 cm. Long (fasciatus) , in- 
termediate {gracillimus), and short- 
winged (strictics) species of Conocepha- 
Ills were tested. The output of the last 
excelled by 1 or 2 decibels — probably 
because the movement of its shorter 
wings is resisted less by the air. Since 
these grasshoppers are less than | inch 
long, the inverse square law of intensity 
versus distance held in the range 3 to 
6 inches. Beyond 1 foot the excessive 
absorption and ground reflection caused 
deviations. Dozens of tests showed that 
results could be duplicated to within 2 
decibels. If our ears were as sensitive 
to 40 kilocycles as they are to 3 or 4 
kilocycles, we could hardly carry on a 
conversation if several of these slender 
meadow grasshoppers were singing in 
our midst. 
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Since the slender meadow grasshop- 
pers mnst be nearer than 3 feet to be 
heard by people with acute hearing, it 
is difficult to locate them by means of 
their audible sound. This sound accom- 
panies, and is timed with, the supersonic 
(high-frequency) components, which 
cannot be heard by anyone. I found 
that a few of the larger species of the 
long-horned grasshoppers, which can be 
heard at distances of 40 feet or more, 
can also be detected at close range with 
the supersonic meter. One of these is 
N eoconocephalus ensiger and another is 
Orchelimum vulgare. The latter can 
often be found at the edge of cornfields. 
It frequently sits on the corn tassels 
and sings, '^Tip, tip, tip, tseeeeeee.’’ In 
neither case was there an output peak 
beyond 20 kilocycles per second. The 
response of the meter diminished con- 
sistently as it was tuned to higher fre- 
quencies. The slender meadow grass- 
hopper, Comcephalus fasciatus, stridu- 
lates in about the same manner, but the 
audible part is much weaker, and the 
supersonic part is very intense at 40 
kilocycles per second (76 db at 1 ft). 

It was suspected that the weak sound 
of 67 cycles per second from Orcheli^ 


mum vulgare was produced by the scis- 
sors-like action of the wings. If so, one 
would expect the scraper on the right 
wing to go back and forth 67 times per 
second across the file on the under side 
of the left wing. (Of course the file 
would go through a similar motion.) 
When a strobolux was secured, the same 
grasshopper was no longer at hand, but 
another of the same species was tried, 
the frequency of the light flashes being 
varied over the range from 50 to 70 per 
second. As the rate approached 60 per 
second, the wings appeared to slow down. 
The stroke was about 1 mm. At 60 
flashes per second, the motion was 
frozen. Another grasshopper of the 
same species was tested with the sound 
analyzer. A peak was found for it at 
58 vibrations per second. Another was 
tried with the strobolux and was found 
to make 61 vibrations per second. This 
is conclusive evidence that the wings of 
this species work back and forth about 
60 times per second during the few sec- 
onds of stridulation. The 7.3 and 14 
kilocycles per second are probably re- 
sonance frequencies of small sections of 
the wings. The tympanum probably 
produces the intense 14-kilocycle sound. 
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The rate of evaporation of water is an 
environmental influence of major impor- 
tance and merits continued study. Sev- 
eral prolonged investigations of local and 
regional differences in evaporation have 
been made by biologists. The accom- 
panying maps present some recent data, 
chiefly gathered by nonbiologists, which 
supplement earlier studies in significant 
ways. This is my tenth article in The 
Scientific Monthly on various aspects 
of the climate of the United States. 

Map 1 is a somewhat simplified, shaded 
copy of a map published in 1942 by 
Adolph Meyer, the distinguished hy- 
draulic engineer, of the annual loss by 
evaporation from shallow lakes and 
reservoirs.^ It shows a southwestward 
increase from the Great Lakes, where the 
loss is about 20 inches a year, to the lower 
Colorado River Valley, where the loss is 
more than 90 inches. The North Pacific 
Coast also loses less than 20 inches a 
year, while much of Florida and Georgia 
loses more than 50 inches. 

Although the coldness of Western 
streams and lakes is commonly ascribed 
solely to melting snow at their sources, 
it must be attributed in part to rapid 
evaporation. The cooling effect of evapo- 
ration helps to explain the occurrence 
in Western streams of trout that re- 
quire cold water. The relatively small 
amount of evaporation in the Northeast 
permits many streams and lakes to exist 
even though the precipitation is not 
large. Conversely, despite an annual 
rainfall of more than 50 inches in the 
Southeast, many streams shrink badly in 
summer. 

Map 2, a shaded copy of a 1938 map by 


Kittredge, shows the annual water loss 
due to transpiration and evaporation.^ 
This map shows only a small loss in the 
Southwest, although reservoirs and other 
water bodies there lose heavily (Map 1). 
In this arid region there commonly is 
little water available for transpiration 
from vegetation or evaporation from the 
soil. Instead, the ground dries out 
deeply, and the vegetation is character- 
istically xerophytic, with remarkable 
moisture-retention. This map shows that 
the greatest losses are in the Southeast 
and in parts of the Northwest. This map 
resembles one of average annual precipi- 
tation much more closely than does 
Map 1. 

Map 3, after Adolph Meyer, shows the 
difference between mean annual evapo- 
ration and precipitation. Heavy zero 
lines mark boundaries where, on the 
average, evaporation equals precipita- 
tion. One such line is situated not far 
from the Mississippi River, another ex- 
tends from central California to north- 
central Washington, and a third lies in 
the Southeast. In most of the eastern 
half of the country the difference be- 
tween annual precipitation and annual 
evaporation is less than 20 inches, but 
in much of the Southwest evaporation is 
more than 60 inches a year greater than 
precipitation. Conversely, in the North- 
east and Northwest, precipitation is 10 
to 20 inches or more greater than evapo- 
ration. 

The unshaded area, where precipita^- 
tion exceeds evaporation, is well forested 
whereas the shaded area, in which evapo- 
ration exceeds precipitation, ranges from 
subhumid prairie to desert. Roughly, 
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MAPS 1-6, EVAPORATION AND PRECIPITATION IN THE UNITED STATES 

1; MEAN ANNUAL EVAPORATION FROM WATER BODIES (INCHES). 2: MEAN ANNUAL EVAPORATION 
AND TRANSPIRATION PROM LAND (INCHES) . 3 : MEAN ANNUAL PRECIPITATION VERSUS EVAPORATION : 

unshaded, precipitation in excess j shaded, evaporation in excess (inches). 4: mean annual 

EXCESS OF precipitation OVER EVAPORATION ON THE LAND (INCHES) . 5 : PERCENTAOE OF THE YEARS 

THAT HAVE LESS PRECIPITATION THAN EVAPORATION AND TRANSPIRATION. 6: MEAN EVAPORATION 
FROM APRIL TO SEPTEMBER, INCLUSIVE (INCHES). 

the zone in which evaporation exceeds cess of precipitation over evaporation, 

precipitation by not more than 20 inches It is based on a map by Hoyt,^ who is a 

is subhnmid and mostly a prairie ; wher- specialist on water supply of the TJ. S. 

ever the difference is more than 40 inches, Geological Survey. It differs radically 

aridity generally prevails, and scattered from Map 3 because it deals with the 

shrubs, with little grass, are character- land, whereas Map 3 deals with water 

istic. The dominance of evaporation in surfaces. The zero line of Map 4 lies 

the West makes for salt lakes and saline near the western margin of the tall grass 

or alkaline soil, with significant ecologi- prairie or black-earth soil region. To the 

cal responses. west of that line, the unshaded areas nor- 

Map 4 also depicts average annual ex- mally have no annual excess of precipi- 
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tation to leach soluble minerals from the 
soil. Hence an excess of minerals is usu- 
ally present in Western soils, wbieb are 
classed as pedocals, because lime is abun- 
dant. Conversely, in the Northwest, 
South, and East, where precipitation ex- 
ceeds evaporation, there is much soil 
leaching, and lime and most other plant 
food minerals are inadequate. 

Map 5, also after Hoyt, shows the per- 
centage of the years which have less pre- 
cipitation than an amount sufficient to 
meet the demands of evaporation and 
transpiration. It shows that in about 
half of the East precipitation is normally 
greater than evaporation and transpira- 
tion. Indeed, in parts of the Northeast 
and Southeast a deficit in precipitation 
occurred in less than 2 percent of the 
years studied. West of about the hun- 
dredth meridian, however, more than 
half of the years have a deficit, and in 
most of the West, nine-tenths of the 
years. 

The amount of evaporation during the 
warmer half-year (April to September, 
inclusive) is indicated roughly by Map 
6, an original map based on scattered 
records assembled by the U. S, Weather 
Bureau.^ It shows that where water is 
available, as in the evaporation pans 
used to get these records, about twice as 
many inches of water evaporate in much 
of the Southwest as in the Northeast. In 
about half of the country, however, the 
water loss during this half-year is 30 to 
40 inches. Thus, there is less regional 
contrast than might be expected. This 
is because most of the country differs 
only moderately in temperature in sum- 
mer, and temperature profoundly affects 
evaporation. The northwestward exten- 
sion of the zone of loss of 30 to 35 inches 
is associated with the relatively higher 
summer temperatures in the northern 
interior than in the cloudier East. 

During the average frost-free season, 
which means a season of varying length 
in different parts of the country, the 


ratio of precipitation to evaporation 
(Map 7) is more than unity"^ only near 
the Atlantic and eastern G-ulf coast, in 
the northern G-reat Lakes region, and in 
western Washington. For about half of 
the country, evaporation from suitably 
exposed evaporation cups is more than 
twice as great as the precipitation. In 
most of the West it is more than five 
times as great. This map is a shaded 
copy of one by Livingston and Shreve, 
botanists.^ 

Map 7 also shows that the chief decidu- 
ous forest region has a ratio of 70 to 100 
between precipitation and evaporation 
during the frost-free season. The regions 
where the ratio is more than 100 are 
characterized by coniferous forests, or at 
least have many conifers mixed with 
deciduous trees. 

The seasonal variations in evaporation 
from lakes and reservoirs is large wher- 
ever the annual temperature range is 
wide. For example, Maps 8 and 9 (after 
Meyer) show that in North Dakota about 
15 times as much evaporation occurs in 
July (Map 9) as in January (Map 8), 
although July is one of the rainiest of 
the year and January has least precipi- 
tation. In Indiana the range between 
January and July is about eightfold, but 
in Florida it averages only about two- 
fold. An interesting detail presented by 
these two maps is that there is much 
more evaporation from the Gulf Stream 
in January than in July because its 
water is warmer than the air in winter 
and cooler in summer. 

Comparison of Maps 8 and 9 shows that 
most of the West loses less than an inch 
of water from a reservoir in January but 
loses from 8 to 12 inches in July. The 
large water loss in central Texas in July 
and the relatively heavy loss in January 
is an interesting indication of the aridity 
of that area, which resembles arid west- 

* The ratios are multiplied by 100 on Map 7 ; 
equality of precipitation and evaporation is 
therefore represented by 100. 
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ern Arizona more than it does most of 
New Mexico, for example. 

The conspicuous southward increase in 
evaporation from reservoirs and shallow 
lakes in January (Map 8) reflects the 
sharp latitudinal difference in average 
temperatures and is associated with 
regional contrasts in biologic activity. 
In July the north-south contrast is much 
less, except near the Great Lakes (Map 
9). This is a result of greater tempera- 
ture uniformity in most of the country, 
due in part to the fact that the days are 
enough longer in the North in July al- 
most to offset the effects of the lower 
noon height of the sun. The cooling in- 
fluence in hot weather of the Great Lakes 
is reflected in Map 9. 

Map 10, also based on one by Adolph 
Meyer, shows the average differences in 
the totals of evaporation and precipita- 
tion during April to October. Only near 
the country’s borders (northeastern, 


eastern, southeastern, and northwestern) 
does precipitation normally exceed evap- 
oration from reservoirs in this period. 
The excess of evaporation over precipi- 
tation is, however, less than 10 inches in 
most of the eastern half of the country 
and in a Pacific belt. In the Great 
Plains region and in much of the West, 
it exceeds 30 inches; in the most arid 
section it exceeds 70 inches. The zero 
line near the east coast is situated ap- 
proximately where the 100 ratio line is 
on Map 7 (for the average frost-free 
season). The zero line near the Pacific 
coast is, however, quite differently situ- 
ated than the 100 line on Map 7 and 
more closely corresponds with the type 
of vegetation. Wherever there is more 
precipitation than evaporation during 
April to October, coniferous or mixed 
forests prevail. 

The final map (11) is an attempted 
regionalization on the basis of evapora- 



MAPS 7-10. SEASONAL EVAPORATION AND PRECIPITATION 

7 : PRECIPITATION'EVAPORATION RATIOS (X 100) DURINa THE FROST-FREE SEASON. 8 : MEAN EVAPO- 
RATION FROM LAKES IN JANUARY (INCHES). 9; MEAN EVAPORATION FROM LAKES IN JULY (INCHES). 
10 : MEAN APRIL-OCTOBER RAINFALL COMPARED WITH MEAN EVAPORATION (INCHES) . 
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MAP 11. EVAPORATION REGIONS IN THE UNITED STATES 

1 : EVAPORATION EXCESSIVE THROUGHOUT YEAR. 2 : EVAPORATION EXCESSIVE IN WARMER HALF-YEAR. 
3 : EVAPORATION ONLY MODERATELY GREATER THAN PRECIPITATION. 4 : EVAPORATION AND PRECIPITA- 
TION BOTH LARGE THROUGHOUT YEAR. 5: EVAPORATION MODERATELY EXCEEDS PRECIPITATION IN 
WARMER HALF-YEAR. 6 : EVAPORATION GENERALLY LESS THAN ANNUAL PRECIPITATION. 


tion. The Southwest, region 1, has exces- 
sive evaporation throughout the year. 
In most of the West, region 2, evapora- 
tion is excessive only during the warmer 
half-year. In region 3, evaporation nor- 
mally is only moderately greater than 
precipitation. In the Southeast, region 
4, both evaporation and precipitation are 
large throughout the year. In the North- 
east and Northwest, region 6, precipita- 
tion generally exceeds evaporation ex- 
cept in the warmer weeks of summer. 
The typical soil type of region 4 is the 
yellow to red. Region 3 has black 
chernozem soil, regions 5 and 6 have 
characteristically gray-brown soils, ex- 


cept in the coolest areas, where podzols 
occur. 
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SUNBURN PROTECTION, NATURAL AND 

ARTIFICIAL 

By ARTHUR C. GIESE and JULIAN M. WELLS* 


Experience tells us that accommoda- 
tion to sunlight is achieved by graded 
exposure to the actinic rays of the sun. 
Too rapid and extended exposure results 
in erythema, or intense reddening of the 
skin, which may be followed by blister- 
ing, desquamation, and tanning. In 
wide use at the present time are oils, 
lotions, and ointments which are sup- 
posed to prevent sunburn while allow- 
ing tanning to occur. Under certain 
circumstances such results are achieved. 
It is the purpose here to describe briefly, 
first, how natural accommodation occurs 
and, second, how sunburn protection is 
artificially obtained and how it enables 
the normal process of accommodation to 
occur at the same time. 

In the popular mind the protection 
from sunburn is due to tanning, the 
pigment serving to absorb the actinic 
rays, and so preventing their penetra- 
tion through the skin, as was suggested 
by Pinsen (1901). While pigment may 
protect to some extent, the fact that in- 
dividuals already tanned may be se- 
verely burned by exposure to the sun 
indicates that this is not the whole story. 
Furthermore, blonds, without develop- 
ing pigment, may nonetheless gain some 
accommodation to the sun’s rays. This 
seeming paradox is clarified by a histo- 
logical study of the skin, which shows 
that the pigment resulting from sunburn 
is largely below that layer of cells 
mainly affected in sunburn and thus 
cannot afford much protection to these 
cells. 

A cross section of the human skin is 
shown diagrammatically in Figure 1. 

* Sckool of Biological Seienees, Stanford Uni- 
versity and College of Pharmacy, University of 
California, San Prancisco. 


Skin consists of two layers: epidermis 
and derma, differing in embryonic origin. 
The epidermis varies in thickness from 
.07 to .12 mm., except on palms and 
soles, where it is thickened. It is made 
up of many layers of cells, cylindrical 
at the base, dead, flattened, and cornified 
at the surface, and of intermediate shape 
between. The cylindrical cells at the 
very base of the epidermis are active 
cells, in which mitoses are frequent. 
They are overlaid by cells with a soft, 
granular appearance, know as the 
prickle cells because of their intercellu- 
lar linkages. Above the prickle cell 
layer is the granular layer, the cells of 
which, in the thickened parts of the epi- 
dermis, are filled with granules of kera- 
tohyalin or eleidin. Above the granular 
layer are the flattened layer and the 
scaly layer, the latter at the surface of 
the skin. In very thick epidermis, as on 
the palm or sole, a clear layer called the 
stratum lucidum lies between the granu- 
lar layer and the flattened layer. 

The derma, which lies beneath the epi- 
dermis, consists of a cushion of connec- 
tive tissue carrying the blood vessels that 
supply the derma. It has an average 
thickness of 1 to 2 mm., except on the 
palms and soles, where it is thicker. The 
epidermis has no blood vessels and must 
receive its supplies by diffusion from the 
derma. Below the derma is the fibrous 
connective tissue which binds the skin 
to the muscles or other structures. In 
the dark races pigment occurs in the 
derma as well as in the epidermis, and 
it is distributed through the latter, mak- 
ing it much more useful as a protection 
against sunburn than the pigment devel- 
oped by the white race. 

Histological study shows that sunburn 
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PIG. 1. DIAGRAM OF A SECTION OF HITMAN SKIN 

SUNBURN, OR KILLING OF CELLS, OCCURS IN THE PRICKLE CELL LAYER; ERYTHEMA OCCURS IN THE 
DERMA, ESPECIALLY THE PAPILLARY LAYER, AS A RESULT OP THE DILATATION OF THE BLOOD VESSELS. 
PIGMENT DEVELOPS CHIEFLY IN THE CYLINDRICAL CELL LAYER (SEE MAXIMOW AND BLOOM, 1942). 


injury is largely localized in the prickle 
cell layer. These cells, in absorbing the 
light and becoming injured, protect the 
active, or germinative, cylindrical cell 
layer below. The production of break- 
down products on injury and death of 
some of the prickle cells is thought to 
result in the diffusion of chemicals, caus- 
ing relaxation of the blood vessels of the 
derma and leading to erythema after a 
latent period. Considerable injury to 
the prickle cells is followed by infiltra- 
tion with lymph, leading to blister for- 
mation. Recovery is brought about by 
the proliferation of a new cover of cells 
from the germinative epithelium and the 
shedding of the dead cells (desquama- 
tion). Tanning also follows the ery- 
thema, but the melanin pigment is laid 
down by melanoblasts in the basal layer 
of the epidermis. In this position it 
cannot protect the prickle cell layer from 
radiations. Only as the pigment gran- 
ules later migrate outward in small 


quantity does the melanin serve to pro- 
tect the prickle cells. 

The thickening of the corneum of the 
skin subsequent to exposure to sunlight 
has been shown by Guillaume (1927) 
and Miescher (1930) to be the main 
mechanism by which the accommodation 
to sunlight occurs. While the corneum 
has little pigment or color, it absorbs 
strongly in the ultraviolet part of the 
spectrum. Furthermore, the granular 
inclusions in the cells, as well as the 
surfaces of the flattened cells, reflect and 
scatter the light effectively, preventing 
it from reaching the sensitive cells below. 
The greater the thickness of this ab- 
sorbing and scattering layer of cells, the 
greater the protection to the prickle cell 
layer below. The soles of the feet and 
palms of the hands are not naturally 
burned, being protected by the thick 
layer of cornified epidermis; yet by ex- 
cessive experimental dosages they could 
be burned. 
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Since erythema and tanning and 
thickening of the cornenm seem to go 
hand in hand, all occurring consecu- 
tively after irradiation with ultraviolet 
light, how can we explain the apparent 
anomaly of sunburn in a tanned indi- 
vidual? The problem is not simple. 
First of all, the action spectrum, i.e., the 
relative effectiveness of different wave 
lengths, is not the same for erythema 
and tanning. These differences are 
shown in Figure 2. In both cases, it is 
true, the wave length of maximal effi- 
ciency is the same, 2967A (Coblentz and 
Stair, 1934; Luckiesh and Taylor, 1939). 
However, short wave lengths which have 
erythemal effectiveness do not induce 
much pigmentation, and wave lengths 
longer than those which cause sunburn 
may result in pigmentation. Pigment 
is formed in the basal layer of the epi- 
dermis, and the differential action of dif- 
ferent wave lengths may be in part due 
to differential penetration. Therefore, 


it is possible that tanning might occur 
without such action of the radiations on 
the prickle cells as would evoke thickexi- 
ing of the corneum. Certainly this 
would be true of the ^ ^ direct or immedi- 
ate pigmentation of lienschke (1943). 
This type of tanning is produced maxi- 
mally by wave lengths between 3400- 
3500A and is presumably due to direct 
oxidation of the ]Drecursor of melanin. 
It is induced only by a dosage several 
hundred times as large as that at 2967 A 
(Luckiesh and Taylor, 1939). It can 
be produced in dead skin; therefore it 
appears to be a photochemical change. 
It appears immediately after exposure, 
as shown in Figure 3, whereas the pig- 
mentation following irradiation with 
shorter wave lengths appears only after 
the erythema begins to subside. Fur- 
thermore, exposure with large dosages 
at still longer wawe lengths (3600- 
4800 A) may produce erythema and tan- 
ning, but this erythema involves a 
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EIH. 2. EBYTHEMA AND TANNING CHEVE8 

ERYTHEMA AFTER COBLENTZ AND STAIR (1934), TANNING AFTER LUCKIESH AND TAYLOR (1939) AND 
HINSCHKE (1940). THE QUESTION MARK ON THE TANNING CURVE AT SHORT WAVE LENGTHS INDI- 
CATES LACK OF ACCURATE INFORMATION. THE VERTICAL LINE INDICATES A CHANGE IN ORDINATE TO 
THE PERCENT SCALE ON THE RIGHT. FOB LONG WAVE LENGTH ERYTHEMA SEE HAUSSER (1938). 
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After Humperl, Renschlce, and Schulze (1989) 
FIG. 3. TIME OF APPEAEANOE OP EEYTHEMA AND PIGMENTATION 


mechanism other than the destruction 
of the prickle cells. The wave length 
ma:s:ima at 3600, 3850, and 4080A — 3850 
the strongest — suggest hemin absorp- 
tion. No increase in thickness of the 
eorneum following action of long ultra- 
violet wave lengths appears to have been 
demonstrated (Hausser, 1938 ; Hamperl, 
Henschke, and Schulze, 1939). 

The picture is further complicated by 
the fact that sex hormones are involved 
in tanning (Hamilton and Hubert, 
1938). After castration only a pasty 
coloring develops on exposure to the sun. 
However, injection of testosterone in 
both sexes is followed by a healthy tan- 
ning of previously exposed skin. Estrone 
also seems to be involved in tanning of 
women (Hamilton, 1939L 

Even if both tannin^fend increase in 
thickness of the eorneum had occurred 
simultaneously, a more rapid loss of the 


corneal thickening than of the pigment 
might also result in a pigmented indi- 
vidual who did not have much resistance 
to ultraviolet light. In some individuals 
tested in our laboratory, pigment once 
formed tends to remain for years; in 
others it may disappear in a few weeks. 
The thickened epidermis subsequent to 
a single effective exposure lasts at best 
for about a month (Ellinger, 1941). As 
previously pointed out, pigment gran- 
ules are formed extracellularly in the 
basal layer of the epidermis and are 
found to migrate into the outer layers 
of the eorneum, from the surface of 
which they are ultimately shed. The 
amount of the pigment formed and the 
rate of shedding varies from individual 
to individual. Some regions of the body, 
such as the arms, lose their pigment 
much more rapidly than do other 
regions, such as the abdomen, of the 
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same individiiaL Apparently, even 
when no pigment can be detected, the 
change in the nature of the skin pro- 
duced by ultraviolet radiations may be 
revealed by observing the skin nnder 
ultraviolet light of long wave lengths, 
in which the normal skin fluoresces more 
than the affected skin (Luckiesh and 
Taylor, 1939). 

If prolonged exposure to sunlight or 
other ultraviolet sources is unavoidable, 
how can the skin be protected from in- 
jury? We can imitate nature by cov- 
ering the epidermis with something that 
will both scatter and absorb the active 
rays of the sun, thus reducing the in- 
tensity of the rays reaching the skin to 
a level that can be tolerated. Materials 
must be chosen that will absorb or scat- 
ter the radiations of sunlight causing 
erythema and sunburn. These radia- 
tions are present in sunlight only to a 
limited extent — ^under the most optimal 
conditions for sunburn only 0.2 percent 
of the total radiation is erythemic. The 
relative efficiency of different wave 
lengths of the ultraviolet in producing 
erythema is shown in Figure 2 (Coblentz 
and Stair, 1934). From this graph it 
is evident that wave lengths not present 
in sunlight are also effective in produc- 
ing erythema. The limits of the sun- 
burn radiations in sunlight are also 
shown. 

An ointment or lotion made to protect 
from sunburn usually contains a com- 
pound that scatters light effectively and 
one that absorbs the sunburn radiations, 
the latter usually being spoken of as a 
screen. Talc, kaolin, zinc oxide, chalk, 
magnesium oxide, and titanium dioxide 
have been used as light-scattering agents, 
but titanium dioxide is perhaps most 
suitable and has been widely employed. 
The screen is difficult to choose because 
of the many desirable properties it must 
possess and the large number of com- 
pounds that have been suggested but not 
yet fully tested. The screen should ab- 


sorb the erythema-producing radiations 
very strongly, but it must be nonirritat- 
ing to the skin. It must not be photo- 
labile, i.e., readily destroyed by the ab- 
sorption of sunburn ultraviolet, in order 
that it may remain potent for some time. 
It must be nontoxic, even if used repeat- 
edly for long periods of time, and it 
must not be decomposed on the surface 
of the skin. A very large number of 
compounds absorb in the region of the 
erythemic radiations. Quite a few have 
probably been tried, but unfortunately 
data on most commercial ointments are 
not available ; and in the case of foreign 
patented preparations, the formulae of 
the ointments, as well as the nature of 
the screens, are not disclosed. 

A detailed list of chemical screens that 
have been tried or suggested would be 
out of place here, therefore only the 
main families of compounds need be 
mentioned as examples of the types of 
chemicals used: p-amino benzoates, an- 
thranilates (o-amino benzoates), salicy- 
lates (o-hydroxybenzoates), cinnamates, 
pyrones (e.g., eseulin), benzimidazoles, 
carbazoles, naphthol sulphonates, and 
quinine disulphate. • Most of the com- 
pounds used are aromatic compounds, 
and the benzene rings and double bonds 
usually present are the chromophores 
which absorb the erythema-producing 
rays of sunlight. A fairly detailed list 
of compounds appears in deNavarre’s 
book (1941), and others are to be found 
in Chemical Abstracts from about 1930 
to the present, the greatest number ap- 
pearing just before the war. The rela- 
tion of the molecular configuration to 
absorption of ultraviolet is discussed in 
such books as Erode ’s Chemical Spectros- 
copy, 

The scattering agent and the screen 
must be put into some vehicle — either an 
oil, an ointment, or a lotion. Oils gen- 
erally contain a screen, or absorbing 
compound. Lotions and ointments gen- 
erally have both scattering and absorb- 
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ing agents. Tlie lotion is generally 
iLydroaleoholie and dries rapidly, leav- 
ing a thin film of active material on the 
skin, bound in some film-forming com- 
pound such as ethyl cellulose. The oint- 
ments are either oil in water emulsions 
(vanishing creams) or fatty or greasy 
bases, usually anhydrous in nature. 
Generally lotions and ointment are made 
to be relatively easily washed off with 
soap and water (deNavarre, 1941, gives 
formulae of bases or vehicles). Pig- 
ments are usually added to match skin 
color, and preservatives to prevent the 
ointment from decomposing. 

Ointments have been used in the 
armed forces whenever excessive expo- 
sure to sunlight has been encountered. 
Exposure to sunlight on life rafts is 
particularly severe, but it is also a prob- 
lem in the desert and in the tropics. 
Ointments for different regions must 
have different properties. In general 
the ointments and lotions for use in the 
armed forces must have greater resis- 
tance against abrasion and sweating 
than those desired for civilian use. 

No ointment, lotion, or oil protects the 
skin completely — it merely acts as a 
screen to reduce the intensity of the 
sun’s ultraviolet. The effectiveness of 
the ointment may be tested in the follow- 
ing manner : The skin is covered with a 
thin, flexible lead plate containing per- 
forations about .5 inch in diameter. 
Successive circles are exposed in a 
graded series to determine the minimal 
erythemal dosage (hereafter referred to 
as M.B.D.), or the dosage which causes 
a just perceptible reddening of the skin. 
It is important to use skin not pre- 
viously exposed or skin evenly exposed. 
Once the M.E.D. has been determined, 
measured areas of the skin are coated 
with a known weight of the substance to 
be tested in order that the comparison 
may be made in a standard manner. 
The coated areas are then treated with 
a graded series of exposures to deter- 


mine the increase in time of exposure 
required for a M.E.D. through the oint- 
ment or lotion. As a source of radia- 
tions a carbon arc or a quartz mercury 
arc with an appropriate filter such as 
corex D, to match the quality of sun- 
light, may be used. If possible, the 
same intensity should be employed in 
successive runs. If feasible, final tests 
should be made with sunlight, since even 
with a filter the artificial sources are 
quite different from sunlight. 

Calculations show that even under the 
most extreme conditions no more than 
20 M.E.D. units of erythemic radiations 
fall on a person on a given day (Blum, 
1943a). Therefore, to confer complete 
protection under such extreme condi- 
tions, the ointment or lotion should re- 
duce the intensity of the light to about 
one-twentieth. Some ointments will 
achieve such protection, but the ones we 
tried did so only in layers thicker than 
are practical. However, the exposure is 
usually likely to be less than 20 M.E.D. 
Ointments which in thin layers afford a 
protection of about 10 M.E.D., i.e., re- 
quiring an exposure of ten times the 
M.E.D. before an erythema appears, are 
available. 

Under most conditions considerably 
less than this protection is required. 
However, commercial ointments and 
lotions ought to be graded as to their 
protective value, and the ingredients 
used ought to be listed. A convenient 
method of grading would be the ratio 
of the M.E.D. values with and without 
ointment. Ointments made with differ- 
ent bases, or vehicles, differ in their re- 
sistance to sweating, rubbing, and wash- 
ing. Under given field conditions some 
ointments are rendered useless in a short 
time and must be reapplied. It is likely 
that an ointment which is satisfactory 
for exposure in the snow will not be 
satisfactory for the beach, the desert, 
or the mountains in the summer. No 
ointment should protect so completely 
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as to prevent some erytJieraie response 
after long exposure, since only witli ex- 
posure is natural adaptation acquired. 

Ointments and lotions are made to ab- 
sorb the potent sunburn-producing radi- 
ations and to transmit the direct tanning 
radiations, since tanning is believed by 
tbe public to be not only aestbetically 
desirable but beaitMuL Tbe absorbing 
screen is tberefore carefully selected. 
Scattering agents with selective action 
over a narrow span of tbe spectrum are 
not available. 

Sunburn can be a source of suffering, 


and almost every person seems to re- 
quire personal initiation to it before be 
learns to avoid overexposure. Further- 
more, continued exposure to sunlight or 
ultraviolet light from artificial sources 
may result in malignant tumors (Find- 
lay, 1928). When continued and exces- 
sive exposure to intense sunlight is an- 
ticipated the individual should protect 
himself to avoid sunburn. When expo- 
sure is gradual and progressive the sMn 
builds up its own protection, mainly in 
the corneum, or outer horny layer, which 
becomes thicker. 
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AN OLD CHEMICAL COMPOUND RE- 
VEALED AS AN EXCEEDINGLY 
POTENT INSECTICIDE 

WHEisr Michael Faraday in 1825 treated 
benzene with chlorine and produced a 
compound with the comparatively simple 
chemical formula CeHsCle, he did not 
anticipate that in 1946, more than a cen- 
tury later, this material would prove to 
be the most powerful insecticide known. 

Currently referred to as benzene 
hexachloride,’’ but more accurately as 

I, 2, 3, 4, 5, 6 - hexaehlorocyelohexane, this 
compound is several times more toxic to 
most insects than the widely publicized 
DDT, which so effectively served to save 
thousands of human lives during the 
recent World War. As in the case of 
DDT, many years elapsed between the 
original compounding in chemical lab- 
oratories and the discovery of the amaz- 
ing insecticidal potency of CsHeCle. 

Owing to the exigencies of war and the 
widespread successful use of DDT in 
clearing large areas — even entire islands 
— of disease-bearing pests, that chemical 
was given well-deserved publicity. The 
many reports emanating from battle 
areas too frequently referred to DDT as 
the “miracle insecticide,’^ and the im- 
pression became general that this excel- 
lent insecticide is a perfect control for 
all types of insect pests under all condi- 
tions. There are, however, no such in- 
secticides known to trained, experienced 
entomologists at the present time and 
scarcely a remote possibility of their 
future development. Insects are too 
variable in type, life history, feeding 
habits, and susceptibility to chemicals 
for the entomologist to hope for one 
uniform control measure for the thou- 
sands of destructive and dangerous pests. 

In comparison with the long chain 
chemical formulas of p 3 rrethrins I and 

II, which have been effectively used 


throughout the world as insecticides, 
CeHsGle is simple indeed. However, this 
apparently simple formula is compli- 
cated from the use standpoint by the ex- 
istence of at least four recognized “iso- 
mers,” indicated as alpha^ h&ta, gamma^ 
and delta. Strangely, the gamma iso- 
mer, which usually comprises only 10 to 
12 percent of the- total bulk, carries 
practically all the potency as an insecti- 
cide and, with the delta^ is reported to 
make up approximately 25 percent of 
the total product, the remaining 75 per- 
cent being composed of alpha and heta 
and residues with little insecticidal value. 

Fortunately, the gamma and delta iso- 
mers are soluble in varying percentages 
in more than 40 recognized chemical 
solvents, thus affording a ready means 
of segregating the portion having in- 
secticidal value. This gamma isomer 
will be used extensively in aerosols, gen- 
eral flysprays, and in those operations 
requiring a purer product than the crude 
material, which has a peculiar musty, 
though not disagreeable, odor. The 
crude product, which is rather inex- 
pensive considering its high insecticidal 
value, can be used in combination with 
various dust diluents such as clays, tale, 
etc,, for applications to many field crops. 

Preliminary tests of these dusts on 
cotton indicate great efficiency against 
cotton boll weevH, cotton flea hopper, 
sucking bugs, aphis, and thrips. Acting 
as a contact, stomach, and fumigant in- 
secticide, CeHeCle appears in some 
phases of insect pest control to combine 
many of the values of arseuieals, nico- 
tine, and rotenone and the several fumi- 
gants now in use. 

English scientists report that only one 
part of gamma isomer to 1,000,000 parts 
of grain killed 100 percent of the com- 
mon grain weevils {Galendra) under con- 
trolled fumigation conditions. And re- 
465 
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cent tests in the United States indicate 
similar fumigation results on the same 
species of weevils in grain from the use 
of one part of the crude (containing 
approximately 10 percent gamma) in 
100,000 parts of grain. 

In the control of mosquitoes and fldes 
under varied field conditions as well as 
in human habitations, the gamma isomer 
has shown amazing toxicity, with a kill- 
ing power 8 or 9 times that of DDT and 
about 18 times that of pyrethrins. In 
field tests, including some in Western 
Africa and Ceylon, one-half pound per 
acre of the crude material in the form 
of dust produced 100 percent kill of 
mosquito larvae in 24 hours — an indica- 
tion of the usefulness of benzene hexa- 
chloride in controlling these disease- 
bearing pests over large areas with 
applications made from airplanes. When 
incorporated in grasshopper baits the 
crude chemical indicates a toxicity ap- 
proximately 10 times as great as sodium 
arsenite, according to reports from Euro- 
pean authorities. 

Benzene hexachloride apparently does 
not have the long residual effect in con- 
trolling houseflies and mosquitoes that is 
characteristic of DDT. The more rapid 
evaporation of benzene hexachloride is 
advantageous in that it will permit its 
general use in the spraying of fruit and 
vegetable crops without the danger of 
residues remaining which, in the case of 
certain insecticides, must be removed in 
order to meet Federal and State market- 
ing and food regulations. 

Many questions regarding the proper 
utilization of this new insecticide in 
many phases of crop pest control remain 
to be investigated; results of the rather 
scattering preliminary tests have made 
this entire problem most intriguing to 
economic entomologists. Several years 
will be required before fairly complete 
information regarding its possibilities in 
pest control will be available because of 
the various climatic and seasonal condi- 


tions under which our crop pests thrive 
and develop. Temperature and moisture 
often strongly influence the development 
of pests and the value of control meth- 
ods. Many experiments are being 
planned by Federal and State entomolo- 
gists for the approaching growing sea- 
son to test the efficiency of the insecti- 
cide in various parts of the country. 

The excellent and informative lecture 
by E. E. Slade, published and illustrated 
in Chemistry and Industry^ October 
13, 1945, should be carefully studied by 
everyone who proposes to carry on 
studies and experimental work with this 
promising insecticide. The article is 
replete with useful information on the 
chemical and physical properties of the 
compound. Reported results of early 
tests on a fairly wide range of injurious 
insects point to a broad field of useful- 
ness in the control of insect pests of agri- 
cultural and horticultural products, 
domestic animals, and mankind. 

Several brief reports by investigators 
in America have appeared in recent 
months, all confirming the exceptional 
insecticidal values of this long-neglected 
simple chemical compound. Entomolo- 
gists everywhere sincerely hope that the 
public will make use of benzene hexa- 
chloride according to the recommenda- 
tions of trained Federal and State ento- 
mologists. 

J. G. Sandebs 

CoMiiERCiAL Solvents Coepoeation 
New York 

MILITARY GEOLOGY 

World War II was an all-inclusive 
war. It made use of global terrain and 
most of the natural and manufactured 
resources of the entire world. Tides of 
battle were often influenced or altered 
by the nature of soils, waters, forests, 
and mineral resources. Beach and ter- 
rain configuration and composition ob- 
viously were of fundamental importance. 
It would require a long narrative to re- 
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count properly the value and use of these 
groups of natural resources, not only in 
the theaters of combat but also in the far- 
flung supporting hinterlands. Those ac- 
counts cannot be given here. 

The conflict just ended was, as never 
before, a war of applied geology and of 
the use of mineral resources. One may 
not glean that impression from the re- 
citals of invasions and of violent contests 
in the air, on land and sea, and under the 
sea, for those fundamentals were only a 
part of the primary background. How- 
ever, the vital role of certain mineral 
resources — ^for example, coal, iron, and 
petroleum — ^in winning the war for the 
Allies and losing it for the Axis is rather 
generally known to scientists and to 
thoughtful laymen. 

The accomplishments of '^military 
geology,’’ in close and constantly ac- 
celerated application to countless war 
problems involving world-wide terrain, 
beaches, soils, rock supplies, water re- 
sources, and mineral commodities, are 
largely contained in technical maps and 
reports prepared for governmental agen- 
cies and the armed forces. Much of the 
assembling and interpretation into mili- 
tary terms of terrain and other geologic 
intelligence for direct military use, at 
both strategic and tactical levels, was 
done by a highly organized special group 
set up for that precise purpose. That 
group was the Military Geology Unit of 
the U. S. Geological Survey. 

In addition, scores of geologists and 
engineers with the necessary geologic 
training were literally scouring the earth 
for new supplies of critically needed raw 
mineral resources demanded by the mul- 
titude of industries charged with the 
duty of supplying the unprecedented, 
stupendous, and incredibly varied sinews 
of war to the armed services at home and 
around the world. They were using 
their special skills to ferret out and put 
into production the mineral deposits 
from Alaska to Argentina and from Aus- 


tralia to Africa. Many of those trea- 
sure hunts” are thrilling tales aside from 
their contributions to the winning of the 
war. It would be difficult to overstate 
their value, for this was a global war 
based on an endless supply of many 
kinds of mineral resources. 

In a more special sense, military geol- 
ogy dealt directly with the compilation 
of technical geologic data and their inter- 
pretation to officers of the Army, Navy, 
and Marine Corps. It must be borne in 
mind that few of the men charged with 
the grave responsibility of over-aU and 
detailed planning had a working tech- 
nical knowledge of geology. But they 
understood maps and charts of all kinds. 
Obviously, then, geologic information 
could be most useful if placed on maps 
which showed quickly, comprehensively, 
and as accurately as both data and time 
permitted, those field facts of military 
importance. Army GHQ came to de- 
pend upon these maps in planning cam- 
paigns and invasions. Field command- 
ers found them indispensable in the 
execution of tactical maneuvers. In 
some instances, a large folio of maps was 
prepared and on its way within twenty- 
four hours after an urgent request had 
been received from a theater of opera- 
tions. 

The conventional topographic map in 
four colors showing all of the surface 
features of an area is most useful in war 
as well as in peace. But it is far more 
useful when supplemented by the geo- 
logic data to which the topography is 
intimately related. The character and 
structure of the ‘‘hard” rocks and the 
nature of the soils derived from them 
were of crucial importance in many 
places. The potential amount and char- 
acter of surface and underground water 
supplies could be forecast, in the main, 
prior to an invasion ; well sites could be 
selected so that combat troops would not 
lack an ample supply of water; large in- 
stallations with the water requirements 
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of cities could be planned. The sites of 
airfields, a sine qua non of World War 
II, and the sources of stone for their con- 
struction could be selected well in ad- 
vance by the application of geologic 
knowledge. Even the suitability of the 
terrain and the sods for the digging of 
foxholes could be predicted. The loca- 
tion of observation posts, of the most 
favorable routes for the movements of 
troops, and of protected advance lines 
could often be indicated. Disasters on 
invasion beaches were often minimised or 
prevented by the foreknowledge of sur- 
face features and materials that must 
have resulted from the working of geo- 
logic processes on the rocks in those 
areas. Striking examples were last- 
minute changes in the carefully prepared 
plans for the invasion of certain Pacific 
islands and the construction of airfields 
on them, as soon as terrain intelligence 
became available. 

All these valuable data, and many 
more, were supplied by an extremely 
busy group of about 100 military geolo- 
gists in secret quarters in Washington, 
Their efforts were constantly supple- 
mented by the work of overseas teams 
assigned to field duty with combat units 
and by other geologists who were mem- 
bers of the armed forces and who were 
assigned to several specialized service 
units. Geologic work on the ground in 
the combat areas was particularly neces- 
sary where data pertaining to those areas 
were not available in advance of opera- 
tions. Still other geologists throughout 
the nation and around the world were 
getting other essential information. 

Maps depicting terrain inteUigence 
were constantly needed. They included 


maps showing topography in perspec- 
tive; terrain appreciation, that is, the 
appraisal of terrain features that af- 
fected the movement of ground forces; 
trafficability of areas; prospective air- 
field sites; water supplies; sources of 
construction materials ; and all other geo- 
logic data of use to military forces. 

How could this be done, even with un- 
limited time at the disposal of research 
geologists? And how, especially, could 
some herculean task be accomplished for 
all practical military purposes within the 
space of one day or, at most, several 
days? In ten days the Military Geol- 
ogy Unit prepared their maps for the in- 
vasion of Sicily 1 It could be done ef- 
fectively because in most countries out- 
side of the United States geologic maps 
of much of the country had been pre- 
pared in the normal course of peacetime 
surveying of the soils, mineral deposits, 
and other natural resources upon which 
national economy depends. As a rule, 
copies of those maps were available in 
libraries in this country. They were sup- 
plemented by many maps made by Amer- 
ican and British geologists and engineers 
and by photographs taken by them, as 
well as by aerial photographs taken on 
the spot. In the words of a report sum- 
marizing this work : 

AU of tMs tmderscores tlie main lesson of tlie 
war: that in preparing for the future — ^be it 
war or peace — ^American geologists can accom- 
plish nothing more important than to complete 
areal mappiug of geology and soils throughout 
our own country and in some places abroad. 

Yet, the United States is only about 
7 percent mapped ! 

Arthur Bevan 

YIEGINIA GtEOLOGICAL Sitevet 
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BIOLOGICAL FIELD STATIONS 

Biological Field Stations of the World. Homer 
A. Jack. Chronica Botaniea, Yol. 9, No. 1. 
73 pp. $2.50. The Chronica Botaniea Com- 
pany, Waltham, Mass.; Gr. E. Steehert & Co., 
New York. 1945. 

This paper is a very welcome addition 
to the literature on an important aspect 
of education and research. Field sta- 
tions seem destined to expand greatly as 
the application of scientific methods is 
extended to the biological and ecological 
resources of the world and as their utili- 
zation comes under intelligent super- 
vision. The impulse given to science and 
its application by the war is unprece- 
dented and should be utilized to make 
needed improvements. Such an advance 
will be in direct proportion as textbook 
teaching and urban laboratory methods 
are balanced with field studies of biology 
and ecology. Decentralization will facili- 
tate this. There has been much lip ser- 
vice paid to the direct study of living 
nature, and much less actual practice. 
This is because it is more difficult to make 
the field studies on account of the inade- 
quate facilities available for other kinds 
of study. Administrative reorganization 
is needed before changes can be made. 
We may look upon field stations as a 
social invention devised to assist teaching 
and research, which in general can be 
done better by an institution than by the 
isolated individual. Stability, continu- 
ity of policy, and coordination are the 
advantages of such an organization. 

It would be a mistake to consider these 
biological field stations merely as special- 
ized or technical institutions, and over- 
look the fundamental fact that their 
direct and objective method should be 
extended over much, if not most, of the 
educational system, from the bottom to 
the top. Nurseries, camps, and summer 
schools are needed at the elementary 


level, and corresponding camps, schools, 
field stations, excursions, and travel are 
likewise required at the intermediate and 
all higher levels, before these methods 
can be integrated and absorbed into the 
whole educational system. The natural 
history sciences and agriculture have 
done a great deal of the pioneering in 
this field, and others should now study 
their methods and apply them to other 
fields, particularly to the social sciences. 
The words of John Dewey on this general 
subject cannot be repeated too often : 

One of til© only two articles tkat remain in 
my creed of life is that tke future of our civili- 
zation depends upon tke widening spread and 
deepening hold of tke scientific habit of mind. 

. . . The other ‘'article^' is faith in democracy 
as a social mode of life. 

About half of this paper on field sta- 
tions is devoted to a discussion of the 
broad general aspects of the subject, in- 
cluding such phases as their purposes, 
history, administration, equipment, fa- 
cilities, instruction, and research plans. 
This appears to be the most comprehen- 
sive discussion of their functions that 
has been produced. Every phase of 
their work is discussed briefly, including 
condensed references to the literature 
(so condensed, however, as to make them 
difficult to use in a private library). 

This discussion deserves careful study, 
particularly by those educators who are 
seeking to improve present educational 
conditions. It is just these persons and 
those who have huge funds to make edu- 
cational studies and surveys who need to 
give serious attention to the broader im- 
plications and applications. I have yet 
to see the first of such studies that has 
given any adequate recognition to this 
whole field and its bearing on educational 
methods in general. This without ques- 
tion is a critical period for making these 
new evaluations. 
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Every former student of Dr. 0. 0. 
Wliitman will welcome the recognition of 
the role he has played in grasping and 
expressing the fundamental functions of 
these field stations and the conditions 
most favorable for their success. In 1902 
{Biol. Bull., 3, p. 214) Whitman said: 

The biological laboratories of today in design, 
equipment, and staff, are almost exclusively 
limited to the study of dead material. Living 
organisms may find a place in small aquaria or 
vivaria, but they are reserved as a rule, not for 
study, but for fresh supplies of dead material. 

. . . These fundamental problems require, there- 
fore, to be taken to the field, the pond, the sea, 
the island, where the forms selected for study 
can be kept under natural conditions, and where 
the work can be continued from year to year 
without interruption. 

Later on he adds (p. 216) : 

The functions of a biological farm are not 
summed up in experimentation. That old and 
true method of natural history — observation — 
must ever have a large share in the study of 
living things. Observation, experiment, and re- 
flection are three in one. Together they are 
omnipotent j disjointed they become impotent 
fetishes. Biology of today, as we are beginning 
to realize, has not too much laboratory, but too 
little of living nature. 

No one has better expressed these rela- 
tions than Dr. W. K. Brooks, who said : 

To study life we must consider three things : 
jirstj the orderly sequence of external nature^ 
second, the living organism and the changes 
which take place in it, and 
third, that continuous adjustment between the 
two sets of phenomena which constitutes 
life. 

These statements were made before the 
aetiYe expansion of modern ecology with 
its insight in biological problems. 

The remaining half of the paper is 
devoted to the 1939-1940 status (quali- 
fied by war conditions) of these stations, 
including a condensed descriptive direc- 
tory of the field stations or laboratories 
arranged alphabetically in 59 political 
units, beginning with Alaska and ending 
with Yugoslavia. When available, a 
brief sketch is given of each station, and 
reference is made to official and other 


publications. The author has visited 79 
of these in 18 countries out of the total 
of 271 listed. 

The list appears to be reasonably com- 
plete, but one notices the absence of 
Hastings Natural History Eeservation in 
California, the Roosevelt Wild Life For- 
est Experiment Station, . with its 15,000 
acres of Huntington Forest in the Adi- 
rondacks, the Edmund Niles Huyck Pre- 
serve near Albany, N. Y., and the Petux- 
ent Wndlife Research Refuge, con- 
ducted by the United States Pish and 
Wildlife Service (1939) in Maryland. 

This study is without question an im- 
portant and useful contribution. The 
editor of Chronica Botanica, Dr. Frans 
Verdoorn, has expressed a willingness to 
publish a historical account of these sta- 
tions which merits hearty commendation. 

Chables C. Adams 

Albany, IST, Y. 

PRINCIPLES AND PROBLEMS OF 
PUBLIC MEDICAL CARE 

Public Medical Care. Franz Goldmann. 226 

pp. $2.75. Columbia University Press. New 

York. 1945. 

Public medical care has grown to be 
an immensely important facet of society. 
Its growth has been largely haphazard 
and therefore asymmetric. The first and 
major portion of Dr. Goldmann’s book 
traces the development of public health 
services and public care of the sick. It 
presents a broad historical perspective 
upon which the second part, entitled 
^‘Directed Growth, is based. This sec- 
ond part deals with plans for hospitals, 
clinics, laboratories, and the like, with 
special emphasis upon centralized ad- 
ministration and some consideration of 
the economics involved. The book pre- 
sents the development of public medical 
care as a social movement. It serves a 
useful function in presenting some of the 
deficiencies of existing public medical 
services, though certain fundamental in- 
adequacies are completely ignored. That 
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there is need for critical analysis should 
be obvious. There can be no question but 
that there is ample room for improve- 
ment, but organization alone will not 
suffice. The book is written from the 
viewpoint of the social worker primarily 
concerned with institutions, not from the 
viewpoint of the physician concerned 
with individuals. It is notably lacking 
in appreciation of the truly American 
tradition of individual initiative. Its 
basic philosophy will not appeal to scien- 
tists. 

The concept that medical care is a gov- 
ernment function has many strenuous 
advocates today in addition to Gold- 
mann. They fail chiefly into three 
groups : 

(I) Those whose general inadequacy and im- 
maturity (inability to carry responsi- 
bility) keeps them in the numerically, 
and therefore politically, important class 
of the ^ ^ have-nots ^ ^ in an economically 
competitive society; 

(^) politicians, both elected and appointed, 
fostering paternalistic schemes to bolster 
their political power by o:^ering some- 
thing for nothing; and 

(S) idealistic dreamers who escape reality by 
conjuring up an ideal state in which all 
responsibility rests upon the government. 

The primary premise of these pro- 
ponents of socialistic medicine is clearly 
stated in the opening sentence of the 
Preface of Goldmann’s book : ‘‘Adequate 
medical care is a fundamental human 
right.’’ This dogmatic assertion is of 
very questionable value. Health is a 
privilege and not a right. As a privilege 
it inevitably entails responsibility. To 
evade responsibility it is easy to trans- 
pose privilege into right. The primary 
responsibility for the maintenance of 
health in an adult must be accepted by 
that individual, or else all schemes for 
medical care will fail. No amount of 
medical service can “give” health, unless 
individual men and women take sensible 
care of themselves. We have schools for 
all, or nearly all; but schools cannot 


assure the development of good sense in 
all the pupils. Learning requires study ; 
health maintenance also demands indi- 
vidual effort. To deny this is to retard 
the development of human capacities and 
encourage dependency. 

Edward J. Stieglitz 

WASHinoTon, D. 0. 

PROLEGOMENA TO AN INQUIRY 
INTO THE PROBLEMS OF 
MEDICAL CARE, IP 
Government in Public Sealth. Harry S. Mustard. 

sx-h219 pp. $1.50. Tke Commouwealtli 

Fund, New York. 1945. 

Aware of the unsatisfactory situation 
with reference to the purchase and dis- 
tribution of medical care, the Council of 
the New York Academy of Medicine 
established in the winter of 1942 the 
Committee on Medicine and the Chang- 
ing Order. The Committee began its 
work in February 1943, charged with the 
following duties: 

(I) To explore tke possibilities and to formu- 
late methods of maintainmg and im- 
proving standards of quality in medical 
service, including medical research, medi- 
cal education, the maintenance of health, 
both physical and mental, the prevention 
of disease, and the treatment of disease. 
To study the means of making available 
to larger groups of people and to the 
country as a whole the best-known prac- 
tice in preventive and curative medicine. 

(S) To explore the possibilities and to formu- 
late proposals of distributing these ser- 
vices not only to a larger number but also 
at a lower per capita cost than the 
present system permits. 

The Committee, recognizing the need 
for objective data, early enlisted the co- 
operation of a number of experts in the 
preparation of a series of monographs on 
the reciprocal effects of medicine and 
the technological, social, economic, and 
political changes that have taken place 
in American life. The Committee be- 
lieved that such monographs will offer 

* Monograph I reviewed in The Scientific 
Monthly, 60: 319-320 (April 1945). 
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not only a survey of the present situa- 
tion, but will also indicate its evolution 
and possible future trends. 

In addition to the publication of the 
monographs, the Committee intends to 
issue a report presenting any conclusions 
that might be drawn from its delibera- 
tions and studies. 

The present monograph by Dr. Mustard 
is the second of the series to appear. The 
author set himself the multifaceted task 
of investigating the genesis, growth, and 
future of the public health movement in 
the United States with reference particu- 
larly to various political and social 
forces. The book contains six sections: 
Certain Preliminary Considerations, Fed- 
eral Health Services, State Health De- 
partments, Local Health Departments, 
Activities of Government in a Public 
Health Program, and a Summary of 
Trends and a Consideration of Certain 
Needs. For supporting evidence there is 
included a set of well-chosen and in- 
formative tables showing, among other 
things, the total and per capita annual 
expenditures for health activities by 
state and territory, according to various 
important categories. Two historical 
documents are carried by an Appendix. 

The first section is devoted to ground- 
work material with emphasis on the bio- 
logical and social factors in health and 
disease, the character of public health 
problems, factors that express the seri- 
ousness of a public health program, 
aesthetics and public health, relation- 
ships between official and voluntary 
health agencies, professions that partici- 
pate in public health work, education for 
public health work, and government in 
its relation to public health work. 

The longest section, Federal Health 
Semdces, refers to ‘‘unwise separations’’ 
and “unnecessary overlapping of func- 
tions’^ at the Federal level and gives a 
political history of the various agencies 
participating in health activities. Activ- 
ity interrelationships are pointed out. 


The material is well documented; the 
reader interested in the political aspects 
of the Federal health movement will find 
the references sufficiently complete to 
guide him in further study. 

In the section on the state health de- 
partment the author indicates that the 
situation with reference to the state level 
is to some extent static when contrasted 
with the Federal level where “great 
forces are stirring,” and from which 
“new pressures and resources may 
come. ’ ’ The greatest public health power, 
according to Mustard, resides in the state 
health department. 

In the analysis of the development of 
the state health department, attention is 
drawn to two significant facts. First, in 
the establishment of the Constitution, the 
states did not cede to the Federal Gov- 
ernment the responsibility and authority 
for the preservation of health within 
their borders; and, second, local action, 
so far as public health measures are con- 
cerned, preceded state-wide programs. 
State-wide action appears to have been 
precipitated in most instances by the 
recognition of an epidemic. 

Attention is directed to the health 
work in the state carried by agencies 
other than the health department. This 
work, according to the author, while im- 
portant, is in many instances on the 
periphery of the public health program. 

In his discussion of expenditures by 
the state health department, Mustard 
refers to the matter of Federal grants-ih~ 
aid for health purposes. He points out 
two sociological problems that are in- 
volved, the soundness of the general 
principle of Federal grants, and the 
effect of such grants upon the appropri- 
ating bodies and the state health officers. 

In the author’s presentation of his 
material on local health departments, 
which iucludes origins of local health 
services, types of local health organiza- 
tions, basic activities in local health pro- 
grams, and costs of local health service, 
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he reminds the reader that "‘there are 
comparatively few local jurisdictions, 
outside the cities, that can alone support 
an adequate health program/’ Eefer- 
ence is also made to the author’s convic- 
tion that if the belief is regarded as “old- 
fashioned” that people and local govern- 
ment ought to pay a part, at least, of the 
costs of benefits received, “then there 
could be no objection to direct rendition 
of all local health service by the state 
provided that (a) it is adequate in 
amount and (b) it is a part of a continu- 
ing, coordinated, balanced, and effective 
program.” 

In the section devoted to activities of 
government in a public health program 
reference is made to vital statistics, sani- 
tation, acute communicable diseases, 
tuberculosis, venereal diseases, labora- 
tory services, nutrition, hygiene of ma- 
ternity and young childhood, school 
hygiene, industrial hygiene, health edu- 
cation, public health nursing, dental 
problems, mental hygiene, cancer, and 
heart disease. 

The last section of fifteen pages pre- 
senting “A Summary of Trends and a 
Consideration of Certain Needs” is of 
especial interest. Among the trends re- 
ferred to are two which are considered 
by the author to be particularly strong, 
the trend toward a more powerful Fed- 
eral Government and the trend toward 
a more socialistic Federal Government. 
The paramount need, according to Must- 
ard, is an adequate health service for 
citizens of every community. 

The known deterrents to the establish- 
ment of a plan for the providing of ade- 
quate local health service are listed. In 
the opinion of the author these difficul- 
ties, while real, may be overcome. There 
are three requisites involved : 

(I) Tbe granting to a state of Federal subsi- 
dies for bealtb work only if that state 
submits an over-all plan which will insure 
effective local health service in each of 
its local jurisdictions; 


(£) mandatory state legislation requiring 
each unit of local government to partici- 
pate financially in providing its citizens 
with an effective local health service ; and 
(S) state legislation, when indicated, that 
would require combined administration 
of the public health activities of local 
units of government so that service might 
be performed on an economical basis and 
with reasonable completeness. 

Dr. Mustard has performed a difficult 
task extraordinarily well. As scientifi- 
cally as it is possible in an inquiry of 
this kind he points out the good and the 
bad and makes practical suggestions for 
future developments based on his find- 
ings and his wealth of experience. 

The book is adequately indexed. The 
typography and binding are uniform 
with the first monograph of the series. 

This timely, well-documented, inter- 
estingly written, and thought-provoking 
book is recommended to public health 
workers, legislators, and all others inter- 
ested not only in the specific problem of 
the provision of adequate health services 
to the citizens of this country, but also 
in the genesis, growth, and future of the 
public health movement in the United 
States. 

W. M. Gafapee 

Washingtoh, D. C. 

INSECTS AND THEIR FOOD 

Insect Dietary. Charles T. Brues. 466 pp. 
$6,00. Harvard University Press. Cam- 
bridge. 1946. 

The diversity of insects is so great that 
only an experienced entomologist of vast 
erudition and literary talent could suc- 
ceed in writing a readable account of 
insects in relation to their food. Pro- 
fessor C. T. Brues has accomplished this 
feat at the culmination of his distin- 
guished career in entomology. Primarily 
a naturalist, he is noted for his broad 
interest in insects. Whereas most ento- 
mologists nowadays are specialists, some 
even devoting years to the study of the 
control of a single species, Professor 
Brues has roamed over the whole field. 
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Taxonomy, morpiiology, phylogeny, phys- 
iology, pathology, paleontology, and the 
biology of insects in the field have en- 
gaged his attention. He has refused, 
however, to become involved in the chem- 
ical control of insects and is not regarded 
as an economic entomologist. Further- 
more, he has not tried to become a 
modern experimentalist, using the new 
techniques and equipment of statistics, 
physics, and chemistry. The reader of 
Insect Dietary will find that Professor 
Brues is a natural philosopher — a man 
who has gathered innumerable facts 
about insects and has fitted them together 
to give them meaning. 

Insect Dietary can be read with inter- 
est by anyone who has studied general 
entomology, but it will be particularly 
useful to graduate students of entomol- 
ogy, both for its stimulation to research 
and for its facts and interpretations, 
which may be called for in a general 
examination. And in spite of the multi- 
tude of facts contained in it, the reading 
of it will not be tiresome because Pro- 
fessor Brues writes smoothly and often 
interpolates quizzical comments on the 
human scene. For example : 

A complete survey of the materials whicli fur- 
nish food for insects would involve a compila- 
tion of stupendous proportions, . . . suited only 
for a Federal Aid or Economy Program. 

This competition [between plants and in- 
sects] is reaUy a swinging or fluctuating rela- 
tionship which developed over the course of 
countless years, long before our ancestors con- 
ceived the Utopian dream of making the world 
over purely for human consumption. 

[Insects] see best by ultraviolet light and 
poorly by the longer wave lengths that enable us 
to appreciate the beauties of a tropical sunset or 
to halt at a traffic light- 

Each of the teu chapters opens with an 
appropriate quotation, sometimes taken 


from an ancient tome, and closes with an 
extensive bibliography. The latter adds 
np to 193 pages in the whole book. Eela- 
tively few references to the bibliography 
are made in the text, and footnotes are 
rare; thus readability is enhanced. 

The first two chapters set the scene, 
impressing the reader with the abun- 
dance and diversity of insects and the 
general types of their food habits. Pro- 
fessor Brues recognizes four types : her- 
bivorous, carnivorous (predatory), sap- 
rophagous, and parasitic. He adds, 
might make a more elaborate classifica- 
tion of food habits but this would add 
confusion rather than clarity, for what- 
ever types or definitions we may select, 
there always remains a residuum of 
forms which do not fall decisively into 
any one group.” 

The next three chapters deal with the 
vegetarians among insects : the her- 
bivorous forms, the gall insects, and 
those whose true foods are fungi or 
microorganisms. 

The last five chapters are on the car- 
nivores : predators, external and internal 
parasites, and on insects as food for man 
and other organisms. 

Insect Dietary is pleasing in appear- 
ance as well as in content. It is illustrated 
with 68 line drawings of insects and their 
parts. These illustrations, derived from 
various sources, were redrawn by compe- 
tent artists to give a desirable uniformity 
of size and liue. The 22 plates are excel- 
lent half tones, most of them from photo- 
graphs taken by Professor Brues. The 
book ends with separate author and sub- 
ject indexes. 

To C. T. Brues and his wife, to whom 
he dedicated his book, I say ‘ ^ well done 1 ’ ’ 
, F. L. Campbell 
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Pro-Haber 

Dr. Haber Basic English for Science^' in 
the last SciE^TTiFic Monthly is excellent and de- 
serves wide attention. It should be required 
reading for every writer who has ever been 
guilty of propagating scientific gobbledegook. 

While the use of person interested in the 
earth's history" is a bit roundabout as an 
equivalent for ^ ^ geologist, ' ' I feel that many of 
the readers of SM win heartily welcome the 
thesis put forward by Haber. — M. Ereeman. 

Haber, Schmidt, and Johnson 

Referring to your statement that you would 
like to know what we readers think of Dr. 
Haber's article, I want to say that it is of a 
very high order, and just the sort of article 
which I should think Scientific Monthly read- 
ers would enjoy. 

Also, the article by Mr. Schmidt is ‘^excel- 
lent," and he sets forth what a naturalist is 
more clearly than any other American writer. 

You did not ask me what I thought of put- 
ting anything by Owen Johnson, B.A., in The 
Scientific Monthly but I am going to volun- 
teer the remark that it is “bad medicine," for 
SM should not be a receptacle for hack 
writing. — William Procter. 

Gilding the Lily 

The Scientific Monthly reached an all-time 
low when its editor stooped to publish an anony- 
mous and libelous letter purloined from a fresh- 
man girl's notebook, even though its contents 
are approved by the author of the paper on 
“Basie English for Science." Tom Haber did 
not take the trouble to verify the alleged quota- 
tion from our textbook nor the source of the 
young lady 's statistics. Mr. Haber labors under 
the impression that students in our classes study 
books rather than plants and plant processes. 
If he had examined the textbook he would have 
discovered that the book was written to supple- 
ment what is learned in the classroom, “Nony- 
mous" had no need to suffer mental anguish 
over the word “primordium" since she had 
seen primordia and examined their structure 
before she had any occasion to read the chapter 
on leaves. Eurthermore, where this word is first 
used it is defined and illustrated. Mr. Haber's 
general characterization of science teaching and 
science texts makes one wonder whether his com- 
petence as a critic is based on investigation, or 
on intuition. To exemplify the need for Basic 


English where could he have found an author 
that needs “translating" less than Sir Charles 
Lyell? This is indeed painting the lily! 

If this process of denaturing literature is so 
important why does not your author apply it to 
the writings of Shakespeare, Milton, or Carlyle 
which must be read by junior college students? 

I am writing this letter to you because it 
seems to me that if your selected authors lack 
judgment as to what is fair, honest, and ac- 
curate you will have to be held responsible for 
their statements. — ^E. N. Teanseau. 

Conservation of Naturalists 

I would like to compliment Karl P. Schmidt 
on the excellent article “Naturalists for the 
Foreign Service" in your valued publication 
The Scientific Monthly of March 1946. 

I am quite sure that aU of the good people 
who are truly interested in the conservation of 
the natural beauties and natural resources of 
various countries, and not those of us that are 
only interested in the mere exploitation of these 
places, would and should welcome any means, 
such as has been suggested by Mr. Schmidt, 
in the furtherance of that good will, by the 
aid of om: naturalists in their midst. — ^H enry 
B. Chase, Jr. 

Scientific Diplomacy 

The article “Naturalists for the Foreign 
Service" by Karl P. Schmidt in your March 
1946 issue is a notable one, as it opens the possi- 
bility of utilizing an unused source for a foreign 
service personnel. Those of us who have carried 
on scientific exploration and field work in the 
Latin-American countries, as well as in other 
parts of the world, are keenly alive to the facts 
pointed out by Mr. Schmidt — ^that the nationals 
of other countries react in the most favorable 
manner to intelligent observers. 

Naturalists, as a rule, have the special facility 
of understanding combined "with the spirit of 
inquiry. It might be difS-Cult to obtain a large 
number of people who are fitted both to handle 
foreign service problems and to carry on scien- 
tific activities. But there are some and they 
could do outstanding work. 

In addition to following the suggestion of Mr. 
Schmidt, it would also be very wise for the 
Division of Cultural Cooperation of the State 
Department to explore the use of Scientific 
Attaches of the various Embassies — something 
for which there is a great need. — ^W- Stephen 
Thomas. 
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THE BROWNSTONE TOWER 

Although the view 
from the Brown- 
stone Tower is ex- 
tensive, I felt the 
need of a wider and 
diifferent view of 
places and people. 
Fortunately I was 
given the oppor- 
tunity to extend 
my horizon by fly- 
ing to and from the meetings in St. Louis, 

I shall not attempt here to report on the 
meetings, for one person can see only a little 
of so large a gathering, but perhaps I can 
record some impressions for those who could 
not go. 

As the Boston meetings of 1933 are re- 
membered as the frigid meetings, so the 
recent St. Louis gathering may be recalled 
as the shirt-sleeve meetings. Summer was 
treading on the heels of spring and driving 
out blossoms, leaves, and perspiration. The 
symbol of the meetings was the park bench 
on which I saw a man sleeping as I walked 
one morning from my hotel to the Audi- 
torium. No doubt the sleeper was not a 
scientist, but many a scientist who had the 
fortitude to go to St. Louis without a hotel 
reservation must have wondered whether he 
would be forced to sleep on a park bench. 
So far as I know, everyone who came found 
a bed or cot under a roof, though the at- 
tendance was much larger than expected. 
Those who had rooms shared them with 
others, and the Association's Housing Bureau 
placed many visitors in private homes. 

Having solved the housing problem, the 
visitor was free to sample the innumerable 
attractions of the meetings. On the first 
evening the large Opera House in the Eliel 
Memorial Auditorium was filled for the 
General Meeting of the Association. Follow- 
ing the adoption of the new constitution of 
the Association, the spotlight fell on that 
grand old warrior, A. J. Carlson, as he de- 
livered his presidential address. Reading 


without glasses, he stood at the rostrum in 
a sack suit, giving the world a piece of his 
honest mind. More formally dressed ladies 
and gentlemen of distinction sat on the stage 
behind Dr. Carlson. Serving as hosts for 
the Association, they formed a receiving line 
at a reception that followed the General 
Meeting. In the same hall on the next night 
the biologists staged their annual mob scene. 
Clogging the entire room, they circulated by 
a sort of Brownian movement, literally 
bumping into acquaintances and emitting 
vast volumes of sound and smoke. After 
such confusion it was good to retire to the 
quiet of a hotel room. 

I prefer the less frantic and friendlier 
gathering of specialists at a society banquet 
with good talk among friends around a table. 
After the dessert comes a tinkle of glass at 
the speakers’ table and the performance 
begins- If the toastmaster is brilliant and 
the principal speaker entertaining §o much 
the better, but regardless of the quality of 
their wit and wisdom the evening passes 
pleasantly because they are well-known men 
whom the audience is glad to see in a place 
of honor. 

It is stiU better to attend a scientific meet- 
ing in one’s own specialty, particularly if the 
meeting is not a dull parade of ten-minute 
papers but a planned program on subjects 
of current interest. With good speakers and 
a keen leader such a meeting creates in- 
formal discussion and brings out both the 
known and the unknown. 

But best of aU is the thrill of coming upon 
an old friend in the lobby, to sit down with 
him in a corner, or, better, to detach him 
from the crowd altogether and retire to a 
hotel room for a long, uninterrupted talk. 

At the St. Louis meetings I moved among 
masses, crowds, groups, and individuals. I 
attended big meetings and little meetings, 
large dinners and small dinners, Council 
meetings and informal meetings, but of them 
all give me an individual meeting — ^the happy 
smile and the warm handclasp of an old 
friend. — ^F. L. Campbell. 
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THE BIOLOGICAL BASIS OF IMAGINATION" 

By R. W. GERARD 

department op physiology, the UNITEBSITY op CHICAGO 


A SATISFACTORY interpretation of im- 
aginative plienomena in terms of neural 
mechanisms may be presented by some 
fortunate author at a future time. But 
even now there is still much of substance 
to be said. Knowledge normally grows 
by such progressive steps as clarifying 
and isolating a problem, identifying .the 
variables relevant to it, and following 
their correlations. Only later, often 
much later, does the nature of the basic 
entities begin to become manifest and 
does it become possible to grapple with 
them. 

In the field of heredity, for example, 
Mendel isolated the problem in terms of 
simple characters and followed their be- 
havior during inheritance. These results 
suggested separable inherited units, 
which remained as hypothetical for half 
a century as were the atoms of Democri- 
tus for nearly two millenia. Then chro- 
mosomes were seen; in another half- 
century the genes became visible; and 
studies are now proceeding in terms of 
the chemical properties of specific sub- 
stances. In dealing with imagination it 
will be profitable similarly to examine its 
common meaning, to consider how psy- 
chological study has defined and mea- 
sured relevant mental abilities, to note 

* Based on a lecture in tlie series ' ' Mathe- 
maties and the Imagination ’ ' in the Winter of 
1945 at The University of Chicago. 


the relation of local brain damage to 
these abilities, and to develop the rela- 
tion of these psychological phenomena to 
neural mechanisms. 

What Is Imagination ? 

Imagination is more than bringing 
images into consciousness; that is im- 
agery or at most hallucination. Imagi- 
nation, creative imagination, is an action 
of the mind that produces a new idea or 
insight. ‘^Out of chaos the imagination 
frames a thing of beauty’’ (Lowes ’s The 
Boad to Xanadu) or of truth. The thing 
comes unheralded, as a flash, full-formed. 
We have all had tliis experience, and 
famous or important eases abound. 

Kekule solved the chemical problem of 
the benzene molecule, a ring rather than 
a chain of carbon atoms, when in a 
fatigue- (or alcohol-) engendered day- 
dream he saw a snake swallow its tail. 
Michelson’s intuition” gave him the 
equation for some complicated tidal phe- 
nomena, and when an expert mathema- 
tician reported a different result from 
his calculations, Michelson sent him away 
to find, as he did, an error. 

Otto Loewi, recently awarded the Nobel 
prize for proving that active chemicals 
are involved in the action of nerves, once 
told me the story of his discovery. His 
experiments on the control of a beating 
frog heart were giving puzzling results. 
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He worried over these, slept fitfully and, 
lying wakeful one night, saw a wild 
possibility and the experiment which 
would test it. He scribbled some notes 
and slept peacefully till morning. The 
next day was agony — ^he could not read 
the scrawl nor recall the solution, though 
remembering that he had had it. That 
night was even worse until at three in 
the morning lightning flashed again. He 
took no chances this time but went to the 
laboratory at once and started his experi- 
ment. 

Others have left brief or searching 
records of their experiences with ideas. 
Darwin tells us, in a bit of autobiogra- 
phy, of the resolution of an amorphous 
mass of facts into a crystallized hypothe- 
sis as to the origin of species: ‘‘I can 
remember the very spot in the road, 
whilst in my carriage, when to my joy 
the solution occurred to me.’’ And 
Goethe relates how his mind, supersatu- 
rated with* still unorganized material, 
responded to the shocking news of a 
friend’s suicide. ^‘At that instant the 
plan of ‘Werther’ was found; the whole 
shot together from all directions, and 
became a solid mass, as water in a vase, 
which is just at the freezing point, is 
changed by the slightest concussion into 
ice.” Hamilton tells that his famous 
equations . . . 

started into life, or ligtit, fnll-grown, on tlie 
16t!i of October, 1843, as I was walking with. 
Lady Hamilton to Dublin, and came up to 
Brougham Bridge . . . the fundamental equa- 
tions . . . exactly such as I have used them 
ever since ... I felt a problem to have been 
at that moment solved, an intellectnal want 
relieved, which had haunted me for at least 
fifteen years before. 

Coleridge composed ‘^The Ancient Mari- 
ner” in four months, after years of 
brooding on a mass of travel lore and 
related material ; and his own statement 
on the manner in which ^‘Kubla Khan” 
gushed forth is worth another repetition : 

In consequence of a slight indisposition, an 
anodyne [morphine] had been prescribed, from 


the effects of which [the author] fell asleep iu 
his chair at the moment that he was reading the 
following sentence, or words of the same sub- 
stance, in ^ ^ Purchas Pilgrimage ^ ^ ^ ^ Here the 
TTbfl.-n Kubla commanded a palace to be built, 
and a stately garden thereunto. And thus ten 
nules of fertile ground were inclosed with a 
wall.^^ The Author continued for about three 
hours in a profound sleep, at least of the exter- 
nal senses, during which time he has the most 
vivid confidence, that he could not have com- 
posed less than from two to three hundred lines ; 
if that indeed can be called composition in which 
aU the images rose up before Mm as things, 
with a parallel production of the correspondent 
expressions, without any sensation or conscious- 
ness of effort. On awaking he appeared to him- 
self to have a distinct recollection of the whole, 
and taking his pen, ink, and paper, instantly 
and eagerly wrote down the Hues that are here 
preserved. At this moment he was unfortu- 
nately called out by a person on business from 
Porloek, and detained by him above an hour, 
and on his return to Ms room, found, to his no 
small surprise and mortification, that though he 
still retained some vague and dim recollection 
of ^the general purport of the vision, yet, with 
the exception of some eight or ten scattered 
lines and images, all the rest had passed away 
like the images on the surface of a stream into 
wMeh a stone has been east, but, alas! without 
the after restoration of the latter! 

- Imagination, not reason, creates the 
novel. It is to social inheritance what 
mutation is to biological inheritance ; it 
accounts for the arrival of the fittest. 
Reason or logic, applied when judgment 
indicates that the new is promising, acts 
like natural selection to pan the gold 
grains from the sand and insure the sur- 
vival of the fittest. Imagination supplies 
the premises and asks the questions from 
which reason grinds out the conclusions 
as a calculating machine supplies 
answers. Wood’s story of how a plausi- 
ble answer to a perplexing problem came 
to him while dozing, only to be later 
exploded by his experiments, is illus- 
trative. Dryden, presenting The Rival 
Ladies to the Earl of Orrery, said : 

TMs worthless Bresent was design M you, long 
before it was a Play; when it only was a con- 
f us ^d Mass of Thoughts, tumbling over one 
another in the Dark: When the Fancy was yet 
in its first Work, moving the Sleeping Images 



THE BIOLOGICAL BASIS OF IMAGINATION 


479 


of tMngs towards the Light, there to be distin- 
guish and then either chosen or rejected by 
the Judgment. 

And Coleridge’s artistry lias compacted 
the matter into the phrase, ‘^the streamy 
nature of association, which thinking 
curbs and rudders.”^ 

Some footnotes are in order. First, 
many have insisted that the imaginative 
process is different in art and in science. 
I see no basis for such a position. On 
the contrary, the creative act of the mind 
is alike in both cases, as the above exam- 
ples and later considerations fully evi- 
dence. Eather, the criteria for sifting 
may differ. Both art and science demand 
meaningful relations; but the one is 
satisfied more by pleasing structure, the 
other by logical validity. 

Second, it deserves mention that imagi- 
nation re-enters at all stages of intellec- 
tual endeavor, it does not merely deliver 
a mental foundling to the care of other 
faculties of mind. In science, as an ex- 
ample, imagination enters into the de- 
vising of experiments or of apparatus or 
of mathematical manipulations and into 
the interpretation of the results so ob- 
tained. But these are likely to be minor 
miracles compared with the major in- 
sight achieved in the initial working 
hypothesis. 

A third point: imagination is not en- 
compassed in reason. True, reason gives 
^^the truths no mind is free to reject,” 
and logic is an index, through function, 

3- Tbe mathematician John von Neuman has 
recently told me of a striking self -observation 
which indicates that even the curbing may be 
unconscious. The steps of a proof commonly 
enter his consciousness as a linked chain of 
steps, obviously in proper sequence in the un- 
conscious but dragged into awareness (as .if 
from memory) in haphazard fashion. When the 
whole has emerged and he finally writes it as 
an article, he occasionally develops a strong dis- 
taste for continuing this chore beyond some 
point. Experience has shown him that such a 
block almost always results in his discovering 
a previously unrecognized error at that step 
where the unreasoned blocking occurred. 


of bow the brain machine is constructed. 
But logic can never reveal all the laws of 
thought, as George Boole hoped. For, in 
mathematics or s}Tiibolic logic, reason 
can crank out the answer from the 
symboled equations — even a calculating 
machine can often do so — ^but it cannot 
alone set up the equations. Imagination 
resides in the words which define and 
connect the symbols — subtract them from 
the most aridly rigorous mathematical 
treatise and all meaning vanishes. Was 
it Eddington who said that we once 
thought if we understood 1 we under- 
stood 2, for 1 and 1 are 2, but we have 
since found we must learn a deal more 
about ^'and”? 

A final interpolation concerns imagi- 
nation and knowledge. Imagination is 
one manifestation or index of how the 
brain machine works, which in turn de- 
pends on how it is built. And since 
sensory data are shaped by such rework- 
ing, imagination pervades aU thought 
and knowledge. This is far from saying, 
as some do, that imagination offers a 
separate avenue to truth or reality, one 
alternative to sensation and depending 
on some act of spiritual apprehension or 
revelation or of ancestral or racial in- 
sight. Leonardo well said, “All knowl- 
edge is vain and erroneous excepting that 
brought into the world by sense percep- 
tion, the mother of all certainty. ’ ’ What 
is denied our senses (or their instrumen- 
tal extension) and what escapes through 
the meshes of “the a priori net of the 
mind,” in Eddington’s phrase, is lost to 
us. On the other hand, since the proper- 
ties of nerve fibers and nerve cells clearly 
determine the character of sensation and, 
only less clearly with present knowledge, 
determine the character of imagination 
and reason, and since these last are called 
into action directly or indirectly by sen- 
sory nerve impulses set up by receptors 
which probe the surroundings, it is not 
surprising that sensing and thinldng do 
jibe idth. each other and have some de- 
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gree of valid corresporLdence with a real 
universe. 

Now, returning to the attributes of 
imagination, since its product enters 
consciousness abruptly, its workings are 
at the unconscious or uncritical level. 
As Lowes puts it, 

[CJolexidge ’s notebook] gives ns some inkling of 
the vast, diffused, and amorphous nebula out 
of wMeb, like asteroids, the poems leaped. It 
makes possible at least a divination of that 
thronging and shadowy mid-region of conscious- 
ness which is the womb of the creative energy. 
For it is the total content of a poet^s mind, 
which never gets itself completely expressed, 
and never can, that suffuses and colours every- 
thing which flashes or struggles into utterance. 
Every expression of an artist is merely a focal 
point of the surging chaos of the unexpressed. 

Simple imagmation is observable in a 
pure and uutrammeled state in dreams, 
in the hallucinations of drugs and other 
agents, in those hypnagogic states which 
interpose between wake and sleep or in 
the slightly-fettered daydreaming while 
awake, in the free fancies of the child 
and the less free fancies of the amateur. 
For ideas, like mutations, are mostly bad 
by the criteria of judgment, and experi- 
ence or expertness suppresses them — ^un- 
less imaginings get out of hand and dis- 
place reality, as in the insanities. But 
the imaginative hopper is fed from and 
feeds back to the conscious and critical 
level. There the heat of mental work 
transforms the soft ingots of fancy into 
the hard steel of finished creations. 
Baudelaire refers to “the labor by which 
a revery becomes a work of art/’ and 
Mary Boole has likened the alternate 
conscious and unconscious digestion of a 
problem to the rumination of a cow — as 
indeed our language does in using “rumi- 
nation” for a loose form of mental activ- 
ity. I may also recall the famous descrip- 
tions of ■fceir own creative processes by 
two outstanding thinkers and a great 
composer. Claude Bernard says : 

Apropos of a giveu observation, no rules can 
be given for bringing to birth in the brain a 


correct and fertile idea that may be a sort of 
intuitive anticipation of successful research. 
The idea ouce set forth, we cau only explain 
how to submit it to the definite precepts and 
precise rules of logic from which no experi- 
menter may depart; but its appearance is wholly 
spontaneous, and its nature is wholly individual. 
A particular feeling, a quid proprium consti- 
tutes the originality, the inventiveness, or the 
genius of each man. A new idea a^Dpears as a 
new or unexpected relation which the mind per- 
ceives among things. All intellects doubtless 
resemble each other, and in all men similar ideas 
may arise in the presence of certain simple rela- 
tions between things, which everyone can grasp. 
But lilte the senses, intellects do not all have 
the same power or the same acuteness; and 
subtle and delicate relations exist which can be 
felt, grasped and unveiled only by minds more 
perceptive, better endowed, or placed ia intel- 
lectual surroundings which predispose them 
favorably. 

Mozart writes to a friend : 

What, you ask, is my method in writing and 
elaborating my large and lumbering things? 
I can in fact say nothing more about it than 
this: I do not myself know and can never find 
out. When I am in particularly good condition, 
perhaps riding in a carriage, or in a walk after 
a good meal, and in a sleepless night, then the 
thoughts come to me in a rush, and best of all. 
Whence and how — that I do not know and can- 
not learn. Those which please me I retain in 
my head, and hum them perhaps also to my- 
self — at least so others have told me. If I stick 
to it, there soon come one after another useful 
crumbs for tbe pie, according to counterpoint, 
harmony of the different instruments, &c., &e. 
That now inflames my soul, namely, if I am not 
disturbed. Then it goes on growing, and I keep 
on expanding it and making it more distinct, 
and the thing, however long it be, becomes 
indeed almost finished in my head, so that I 
afterwards survey it at a glance, like a goodly 
picture or handsome man, and in my imagina- 
tion do not hear it at all in succession, as it 
afterwards must be heard, but as a simultane- 
ous whole. That is indeed a feast 1 All the 
finding and making only goes on in me as in a 
very vivid dream. But the rehearsal — all to- 
gether, that is best of all. What now has thus 
come into being in this way, that I do not easily 
forget again, and it is perhaps the best gift 
which the Lord God has given me. When now 
I afterwards come to write it down, I take out 
of the sack of my brain what has been previ- 
ously garnered in the aforesaid manner. Ac- 
cordingly it gets pretty quickly onto paper; 
for, as has been said, it is properly speaking 



THE BIOLOGICAL BASIS OE IMAGINATION 


481 


already finislied; and 'uill, moreover, also be 
seldom very different from what it was previ- 
ously in the head. Accordingly I may be dis- 
turbed in writing, and even ail sorts of things 
may go on around me, still I go on writing,- 
even also chatting at the same time, namely, of 
hens and geese, or of Dolly and Joan, &c. 

And Henri Poincare makes a superb 
summary : 

This unconscious work ... is not possible, 
or in any ease not fruitful, unless it is first pre- 
ceded and then followed by a period of conscious 

work. . . . 

It is certain that the combinations which 
present themselves to the mind in a kind of sud- 
den illumination after a somewhat prolonged 
period of unconscious work are generally useful 
and fruitful combinations, which appear to be 
the result of a preliminary sifting. . . . This, 
too, is most mysterious. How can we explain 
the fact that, of the thousand products of our 
unconscious activity, some are invited to cross 
the threshold, while others remain outside? Is 
it mere chance that gives them this privilege? 
Evidently not. . . . 

All that we can hope from these inspirations, 
which are the fruits of unconscious work, is to 
obtain points of departure for [our] calcula- 
tions. As for the calculations themselves, they 
must be made in the second period of conscious 
work which follows the inspiration. . . . They 
demand discipline, attention, will, and conse- 
quently consciousness. In the subliminal ego, 
on the contrary, there reigns what I would call 
liberty, if one could give this name to the mere 
absence of discipline and to disorder bom of 
chance. Only, this very disorder permits of 
unexpected couplings. 

Clearly, then, pursuit of imagination 
leads us into the unconscious and its 
mechanisms. Nor is this any longer a 
completely uncharted wilderness, for 
psychoanalysis especially has even now 
developed a usable body of knowledge to 
guide the explorer. It has recognized 
and isolated such unconscious mecha- 
nisms as condensation, displacement, 
projection, and identification — as well as 
repression, sublimation, substitution, re- 
jection, denial, intro jeetion, suppression, 
and conversion, to extend the list — ^which 
often enable the student not only to see 
further into the how of imagining but 
even to account for what is imagined. 


This is true for the normal and perhaps 
more strikingly for the disturbed; the 
previously meaningless chatter of the 
schizophrenic patient, for example, is 
quite intelligible in terms of known dy- 
namics. Condensation and identification, 
respectively, are clearly revealed in the 
following statements by Coleridge con- 
cerning himself ‘Ideas and images exist 
in the twilight realms of consciousness, 
that shadowy half-being, that state of 
nascent existence in the twilight of im- 
agination and just on the vestibule of 
consciousness, a confluence of our recol- 
lections, through which we establish a 
centre, as it were, a sort of nucleus in 
[this] reservoir of the soul.’’ And: 
“From my very childhood, I have been 
accustomed to abstract, and as it were, 
unrealize whatever of more than common 
interest my eyes dwelt on, and then by 
a sort of transfusion and transmission of 
my consciousness to identify myself with 
the object.” And Lowes, in a painstak- 
ing study of the materials Coleridge had 
immersed himself in during the years 
prior to his writing “The Ancient Mari- 
ner,” was able to trace to these sources 
every word and phrase of the poem’s 
most vivid stanzas. As Lowes says, 

Facts wMeb sank at intervals ont of eonseions 
recollection drew together beneath, the surface 
through almost chemical affinities of common 
elements, . . . And there in Coleridge's uncon- 
scious mind, while his consciousness was busy 
with the toothache, or Hartley's infant ills, or 
pleasant strollings with the Wordsworths be- 
tween Nether Stowey and Alfoxden, or what is 
dreamt in this or that philosophy — ^there in the 
dark moved the phantasms of the fishes and 
animalculae and serpentine forms of his vicari- 
ous voyagings, thrusting out tentacles of associ- 
ation, and interweaving beyond disengagement. 

This is not, of course, to detract a 
grain from Coleridge’s acbievement; it 
is only a recognition and demonstration 
of the sensory components on wbicb im- 
agination operates. For the components 
bad to be integrated, the poem given 
form. Again to quote Lowes: 
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Behind ^^The Bime of the Ancient Mariner 
lie crowding masses of impressions, incredible 
in their richness and variety. But the poem is 
not the sum of the impressions, as a heap of 
diamond dust is the sum of its shining particles ; 
nor is the poet merely a sensitized medium for 
their reception and transmission. Beneath the 
poem lie also innumerable blendings and fusings 
of impressions, brought about below the level 
of conscious mental processes. But the poem 
is not the confluence of unconsciously merging 
images, as a pool of water forms from the 
coalescence of scattered drops; nor is the poet 
a somnambulist in a subliminal world. Neither 
the conscious impressions nor their unconscious 
interpenetrations constitute the poem. They are 
inseparable from it, but it is an entity which 
they do not create. On the contrary, every 
impression, every new creature rising from the 
potent waters of the [unconscious] WeU, is what 
it now is through its participation in a whole, 
foreseen as a whole in each integral part — a 
whole which is the working out of a control- 
ling imaginative design. The incommunicable, 
unique essence of the poem is its form. 

And Hartmann says : 

Thus works ordinary talent; it produces artis- 
tically by means of rational selection and combi- 
nation, guided by its aesthetic judgment. At 
this point stand the ordinary dilettante and 
the majority of professional artists. They one 
and ail cannot comprehend that these means, 
supported by technical routine, may perhaps 
accomplish something excellent, but can never 
attain to anything great. . . . Combination pro- 
cures the unity of the whole by laborious adap- 
tation and experimentation in detail, and there- 
fore, in spite of all its labour, never accomplishes 
its purpose, but always allows, in its bungling 
work, the conglomerate of the details to be 
visible. Genius, in virtue of the conception 
from the Unconscious, has, in the necessary 
and mutual relations of the 
several parts, a unity so perfect that it can only 
be compared to the unity of natural organisms, 
wMch likewise springs out of the Hneonseions. 

Form, structure, relatioustiip, organ- 
ism (or org in my usage), part-whole 
systems, gestalt, or closure is basic for 
the product of imagination and for its 
process. To see star groups, constella- 
tions, instead of unrelated stars — ^the 
literal meaning of “consider''— is the 
gist of closure, of a confluence of ele- 
ments. Since imagination only regroups 
sensory material, there is truly nothing 


new under the sun. Perception is really 
a harder problem, for red rays and green 
rays, even falling on separate eyes, do 
give the “new" sensation of yellow; but 
imagination cannot conjure a hue for 
ultraviolet. A mermaid, griffin, or cen- 
taur, as Lucretius recognized, are only 
recombinations of familiar elements. 
Yet when we recall that a single inning 
of a chess game may offer some four 
hundred choices, that all literature is 
built from the same words and these of 
the same letters, as all material is of the 
same elements and their handful of sub- 
atomic particles, novelty in combination 
does not seem too barren. A new and 
fertile pattern of thought may come from 
a conceptual reslieing of the universe 
into fresh classes and the making of new 
combinations of them. A good insight is 
likely to recognize the universal in the 
particular and in the strange — ^perhaps 
overexemplified in this statement by 
Coleridge : 

My illustrations swallow up my thesis. I feel 
too intensely the omnipresence of all in each, 
platonieally speaking; or, psychologically, my 
brain-fibers, or the spiritual light which abides 
in the brain-marrow, as visible light appears to 
do in sundry rotten mackerel and other smashy 
matters, is of too general an affinity with all 
things, and though it perceives the difference 
of things, yet is eternally pursuing the like- 
nesses, or, rather, that which is common [be- 
tween them]. 

A good insight generalizes progressively, 
as is so well illustrated by the growth of 
mathematics and the formulation of ever 
more inclusive and freer equations (e.g., 
the Pythagorian theorem) which can 
then be applied to an increasing range 
of particular cases. George Boole, for 
example, introduced modern logic by 
recognizing class as basic to, and more 
general than, number. Finally, a good 
insight sees (or foresees) in a welter of 
impressions that which is relevant to the 
goal earlier indicated by reason ; it win- 
nows the important facts from the unim- 
portant. But now we are reaching the 



THE BIOLOGICAL BASIS OP IMAGINATION 


483 


domain of ’more formal psychological 
studies. 

The Psychology op Imagestation 

The gestalt school of psychologists, 
especially, has emphasized the impor- 
tance of closure or structuring — of ‘‘con- 
sidering^’ — in insight. Insight is an 
imaginative way of learning or problem 
solving, in contrast to the blind and 
buffeted way of trial and error, often 
called “at-sight” for contrast. (A neu- 
rotic behavior development, inappropri- 
ate to the actual situation and, in a sense, 
no longer goal-directed, might similarly 
be called “out-sight”) Beyond sensa- 
tion and even simple perception, involv- 
ing the correlation of current sense data 
and of past experience, closure is a basic 
property of mind. It is, in Goldstein’s 
formulation, the ability to separate a 
figure from its ground, to formulate a 
gestalt, or form, to identify an entity. 
(It operates in seeing three separated 
dots as the corners of a triangle.) Prom 
this flows the setting up of classes and 
the recognition of spatial — or temporal — 
relations. Thus Conrad notes the ability 
to combine parts or elements into a 
whole, to integrate systems ; and also the 
converse ability to identify parts or ele- 
ments in the whole, to fragment or dif- 
ferentiate systems. And Wertheimer 
further recognizes the ability to shift 
from one whole to another one, to re- 
structure a system. 

These activities may seem tautological 
restatements and are certainly closely 
related intuitively; yet, as we shall see, 
they enjoy considerable independence 
and can be separately measured. Most 
immediately exemplifying imagination 
would seem to be the last, flexibility of 
structure; for Wertheimer correctly 
says, “Creative thinking is the process 
of destroying one gestalt in favor of a 
better one.” It is the highest imagina- 
tive achievement to be able to restruc- 


ture in useful ways the basic propositions 
or axioms on which our great logical 
thought edifices have been erected. And, 
as an indirect sign that even such in- 
tangible mind work may still be sharply 
tied to the properties of the brain, there 
is the observation (Brickner) that stimu- 
lation of just one particular small region 
of the exposed human brain is able to 
arrest movement in thought. A con- 
scious patient counts smoothly except 
while the electric current is acting, when 
the same number is simply repeated. 
Thus (with the period of stimulation 
italicized) the subject says, “1, 2, 3, 
4, 4 , 4, 4, 4, 4, 5, 6, 7, ... . ” 

Some examples of imagination at the 
comfortable and familiar level of parlor 
problems will serve best, perhaps, to 
illustrate the points made above. 

The victim is asked to draw four 
straight lines which shall pass through 
all nine dots arranged in a square of 
three rows of three dots. The presen- 
tation sets the gestalt of the square, but 
within that pattern a solution is impos- 
sible. When the imagination overcomes 
this restriction, however, and extends 
lines beyond the self-imposed margin of 
the figure, the answer (Fig. 1) is given 
almost by inspection. Entirely compa- 
rable is the problem of constructing from 
six matches tossed on a table four equi- 
lateral triangles, each having its sides 
the length of a match. So long as the 
solver limits himself to the suggested 
plane of the table he struggles in vain; 
as soon as he adds a third dimension in 
his consideration the tetrahedron almost 
leaps at him. 

Another shift in structuring is de- 
manded by the match problem in Eoman 
numerals, VII = I, the object being to 
move one match and make a true iden- 
tity. Only after the figure is seen in 
terms of Arabic symbols can the solution 
follow, Vl = 1* example of this 

sort is a geometric problem, commonly 
muffed by mathematicians no less than 
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by ordinary folk. Draw the Yertieal 
diameter and a horizontal radius of a 
circle. The radius is, say, 8 inches, and 
at 6 inches from the center a perpendicu- 
lar is erected from the radius to the cir- 
cle, and from this point a horizontal line 
back to the diameter completes a rect- 
angle (Fig. 1). The problem is to find 
the length of the diagonal connecting the 
corners on radius and diameter. The 
answer can be obtained by laborious cal- 
culation or, if one is able to flop over his 
pattern, by inspection; for the other and 
equal diagonal of the rectangle is simply 
the radius of the circle. 

Of great elegance and beauty and de- 
manding a high order of imagination or 
patterning is the problem of laying 


counters on a table. You and an oppo- 
nent have an ample supply of ' round 
counters, all alike but of unspecified 
diameter, which you place at alternate 
turns in any desired position on a rectan- 
gular table of unspecified dimensions. 
A counter can be played so long as it 
does not touch one already placed (and 
not thereafter movable) or fall off the 
edge. The winner of the game is the 
one to play the last counter that can be 
placed. The problem is, Do you choose 
to make the first play or have your oppo- 
nent play first? Surprisingly, there is a 
definitive and general solution to such a 
seemingly indeterminate problem, and it 
cannot be reached by trial and error but 
by an imaginative invocation of sym- 
metry. You play first in the exact cen- 
ter of the table and you can always win. 
For at each round, wherever your oppo- 
nent plays there is an identical position 
opposite (radially) open to you and will 
be until the end. Only the center is 
unique in a symmetrical figure ; all other 
points can be paired. 

The equation for sums developed by 
Gauss, supposedly when a school child, 
is a similar insight. Most of us, asked 
the sum of the numbers from 1 to n do 
an uninspired piecemeal Job of addition. 
Gauss saw the problem in terms of equal 
number pairs: 1 and n = n + l, 2 and 
n-l = n-fl, 3 and n - 2 = n + 1 — ^which 
at once gives n(n-f l)/2 as the general 
solution. 

A shift in frame of reference or struc- 
ture is also involved in a good pun, 
which is similarly an imaginative crea- 
tion. As examples, consider the victory 
garden slogan (spoonerized from the 
crap game cry), ‘'Weed ’em and reap”; 
and a wit’s responses when aroused from 
sleep to prove his pungency : 

“Make a pun.” 

“Upon what?” 

“On any subject, on the King.” 

“The Eiing is no subject.” 

In contrast to the above instances, 
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many problems require essentially no 
imagination but either memory or 
reason. The great bulk of questions 
aired in quiz programs are ones of simple 
memory. A problem that can be solved 
without imagination is that of exchang- 
ing dimes and pennies. Three of each 
are lined up, with one central space 
vacant between the dimes and the pen- 
nies. Any coin can slide forward into a 
space or can jump over a single coin of 
opposite kind into a space. The neces- 
sary moves can be found by brute trial 
and error or, more simply, by a little 
reasoning; but the initial gestalt is re- 
tained throughout. 

Numerous examples of insight could 
be given at the infrahuman level : 
Kohler’s chimpanzees which ‘‘closed” 
two elements and brought a box and a 
stick to reach a banana; Yerkes’ ape 
which, having accidentally whirled into 
the correct solution of a ehoiee-of -gates 
problem, regularly thereafter whirled 
before trying the gate of his choice; 
Maier’s rats which were able to combine 
‘ ‘ knowledge-of -general-maze pattern ’ ’ 
and ‘ ‘ block-between-me-and-f ood ’ ’ and 
choose the shortest available path; and 
the innumerable animals that, during 
conditioning, seem suddenly to make the 
induction of “bigger-than” or “nearer- 
than” or “same-as” and thereafter give 
errorless performances. But a further 
pursuit of imagination in man will be 
more interesting. 

If imagination is a definable property 
of the mind it should also be measur- 
able; and as the definition progresses 
from the vague impressions of ordinary 
human dealings to that offered by stand- 
ardized situations, so the measure moves 
from the subjective judgment of a per- 
son, as having a good or poor imagina- 
tion, to a fairly quantitative statement 
about performance. Thurstone, espe- 
cially, has pressed forward the analysis 
of mental abilities. By extensive testing 
with a rich variety of problems he has 


shown at least seven such abilities which 
are independent of each other. Thus, 
indhddual A may outperform individual 
B by ten- or a hundredfold on tests 
which utilize ability 1, while B may 
similarly outperform A on tests involv- 
ing ability 2. A similar analysis has 
revealed some ten perceptual abilities, 
and others surely remain to be uncov- 
ered. Some abilities, such as those of 
word fluency or verbal understanding, 
depend for their exercise on learned lan- 
guage, and so performance improves 
over much of the life-span. But others, 
such as space visualization, show little 
improvement in their use after the age 
of six to eight years; in fact, perform- 
ance may actually decline. The ease for 
inborn capacities, of particular degrees 
for each capacity in each person, is thus 
strong. 

Is imagination some one or several of 
these separable abilities or some com- 
mon “power factor” underlying them? 
The answer is not yet available, but it 
is within easy grasp when persons of out- 
standing talents of various sorts are 
measured by such standardized tests. 
Meanwhile, some interesting guesses may 
be made. At least four of Thurstone ’s 
factors might be involved in imagina- 
tion, and one of these seems almost to 
define it. The I, or induction, factor is 
the ability to see logical patterns or rela- 
tions (and so would be less related to 
imagination than to reason) . A conveni- 
ent test for it is to have the subject sup- 
ply the next item of a series. A very 
elementary series is:OXXOXXOX ?. 
A more severe demand is made by : 1, 7, 
3, 6, 5, 5, 7, 4, 9, ?. The K factor, mea- 
sured by the Kohrschach “ink-blot” test, 
is almost at the other end of the mental 
spectrum and, far from impinging on 
logic, plumbs the unconscious. It is of 
the free completion type; the subject is 
given an amorphous stimulus and al- 
lowed to react with no restraints — as 
when a person gazes into the flames play- 
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ing over a fire or at clouds drifting in 
tlie sky and ^^sees^’ castles or bears or 
witches acting out untold stories. It is 
suggestive that a group of successful 
executives performed (in richness, va^ 
riety, etc., of responses to the ink blots) 
significantly above the average on this 
test. 

Two other factors rather specifically 
deal with closure. The A factor is the 
ability to make a closure or complete a 
gestalt and is measured, for example, 
by having the subject identify partially 
erased pictures or words. The E factor 
is the ability to replace one closure by 
another and is tested by the Gottschalt 
figures (Pig. 2), or by '‘hidden faces’’ 
in a picture of different manifest con- 
tent. The two abilities, especially E, are 
rather precisely those considered earlier 
in defining the act of creative imagina- 
tion. It is impressive that two indepen- 
dent factors can in fact be isolated for 
such intuitively equivalent actions as 
making or remaking a closure! When 
such primary abilities have been mea- 
sured in our Einsteins, Edisons, Tosca- 



ninis, Van Goghs, Masefields, and Lin- 
colns we shall be far along the way. 
Prom descriptions of Coleridge, for ex- 
ample, there is little doubt that he would 
have performed very well indeed on tests 
for K, S (space), W (word facility), 
M (memory), and I and A. 

'^Zoology” of Imagination 
The inheritance of imagination will 
be ever more easily studied as identifica- 
tion becomes more precise. Even now 
the comparison of the mental abilities in 
twins and in siblings is in progress. 
Pending such finer analysis, I may men- 
tion evidence that a strong hereditary 
element is present for "averaged” intel- 
ligence and for particular talents. New- 
man and Holzinger, for example, have 
found an average difference in I.Q. of 
5.9 for identical twins raised together 
and that this value increases only to 7.7 
for those raised apart. In contrast, fra- 
ternal twins raised together differ by 
8.4, and sibs by 14.5 i£ raised together, 
15.5 if raised apart. Orphan pairs differ 
by 17.7, whether apart or together. 
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PIG. 2. GOTTSCHALT FIGXJBES 

THE IHSTEirCTIOKS READ AS FOLLOWS: ONE OF THE TWO UPPER PIOURES IS CONTAINED IN EACH 
OF THE THREE LOWER DRAWINOS. ONLY ONE FIGURE IN EACH DRAWING SHOULD BE OUTLINED, 
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A study of outstanding contemporary 
virtuosi and singers by Scheinfeld shows 
that two-tbirds of the parents of these 
artists possessed high musical talent. 
Conversely, in families with both par- 
ents talented, two-thirds of the children 
also were gifted, whereas in those in 
which neither parent showed talent (but 
of course one child was outstanding) 
only one-fourth of the offspring were 
gifted. He suggests that the minimal 
genetic interpretation of these facts is 
that musical talent demands the presence 
of at least two dominant genes. The im- 
portance of the hereditary factor is 
further attested by the age at which 
these outstanding musicians had clearly 
manifested unmistakable talent — an age 
under six years! 

Interesting data in the field of science 
come" from the starring results in Ameri- 
can Men of Science. Mathematicians 
achieve their star at the average age of 
twenty-nine, with physicists close be- 
hind ; botanists and geologists wait until 
they are fifty-two for the same kudos. 
All will probably agree that sheer imagi- 
nation and intellectual power, as com- 
pared with experience and learning, are 
relatively more important in the former 
fields than in the latter. That the 
growth of mental capacity is more a 
matter of biological maturation than of 
life experience is suggested by all these 
findings, as well as by the high perform- 
ance of children on some of Thurstone’s 
factor tests. Similar conclusions in 
other fields of neural performance are 
justified by CoghiU’s evidence that sala- 
manders kept anaesthetized during the 
developmental days when their feUow 
embryos struggle about ‘‘learning” to 
swim, swim weU at once on ending their 
trance state; and by the fact that a 
normal human baby begins to smile at 
two months after birth, a seven-month 
premature, four months after birth. 

A final comment in this area, on the 
evolution ,of mental abilities. Several 
men have attempted to construct a scale 


of comparative intelligence of animals 
in terms of such learning criteria as the 
maximum time over which a trace-con- 
ditioned reflex could be established, but 
without convincing success. That man’s 
abilities differ in degree more than in 
kind from those of his slower-witted bio- 
logical relatives is nonetheless probable. 
Apes show learning by insight as well 
as by trial and error and have even been 
taught to work for money as industri- 
ously as do their gifted cousins. Wolfe 
has trained chimpanzees to put counters 
into the slot of a vending machine to 
obtain food, different amounts for differ- 
ent colors. Having learned the purchas- 
ing value of these colored bits, the ani- 
mals will do “chores” to obtain them 
and will work harder for the more valu- 
able ones. 

Since the gross and microscopic struc- 
ture and the chemical and electrical 
functioning of the brain are measurably 
comparable in aU vertebrates, reasonably 
alike in aU mammals, and strikingly 
similar in the higher primates, where 
enormously detailed parallels have been 
demonstrated, a likeness in mental capac- 
ities is not surprising. The gray cortex 
of the cerebrum has swelled out from the 
primitive nerve cell groups to which 
came messages from nose, ear, and eye. 
These “distance receptors,” sensitive to 
changes in the world at a distance from 
their possessor and so posing problems 
to the animal for a priori solution, 
somehow whipped into existence a brain 
capable of solving them. It is the same 
cerebrum in man and monkey ; but man 
has a deal more of it, which permits rich 
additional permutations. And now that 
the brain is introduced into the picture, 
we must consider knowledge in the more 
medical areas. 

The Brain and Imagination 

Pathology. It remains sadly true that 
most of our present understanding of 
mind would remain as valid and useful 
if, for all we knew, lie cranium were 
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stuffed with cottou wadding. In time, 
the detailed correlation of psychic phe- 
nomena and neural processes will surely 
come; but today we are hardly beyond 
the stage of unequivocal evidence that 
the correlation does exist. The neuro- 
anatomist and physiologist are still 
crudely deciphering the architecture and 
operation of the organ of mind ; the psy- 
chologist and psychiatrist are concerned 
with nuances in the overtones it plays. 
Yet the gap is narrowing, and a primi- 
tive bridge is offered by the grosser dis- 
turbances of brain and mind. Perhaps 
most dramatic are the aphasias, a group 
of disturbances in the ability to handle 
meaning/' associated with more or less 
sharply delimited regions of brain dam- 
age. Since disease or accident rarely 
destroys an exact division of the cere- 
brum and since different divisions have 
unique functions, the symptoms are com- 
monly mixed and vary from case to 
ease; but such a diagrammatic instance 
as the following has been reported. 

An educated man, proficient in several 
languages, suffered a ‘‘stroke'’ which 
left him aphasic. At one stage in his 
slow improvement he could converse 
freely and intelligently but could not 
read. His vision was not disturbed ; he 
could copy a paragraph correctly, but it 
carried no meaning to him. He was 
able, in fact, to take dictation in one lan- 
guage, translate in his mind, and write 
the correct passage in another tongue. 
But having written it, he could not read 
his own writing ; it was Chinese to him ! 
One is reminded of the small boy who, 
called on to read aloud in class, was 
asked the meaning of what he had read 
and gave the startled and startling re- 
ply, ‘ ‘ I don 't know. I wasn 't listening. ' ' 
Another type of case, with disturbance 
more on the motor than the sensory side, 
could not give the word for 7 but 
could say it by counting aloud from one. 
Another, wanting to say “ruler" could 
not do so until he had made a sketch of 
one. Yet another could not say words but 


demonstrated, by holding up fingers for 
syllables, that he “knew" them. For 
example, “What is a baby cat?" No 
sound of kitten, but two fingers raised 
in response. Even when words remain, 
they are often inexact or roundabout, 
and the subject seems to be indulging in 
fancy speech or “ overwriting, " as shown 
by the following quotations from a 
patient during and subsequent to an 
aphasic episode: “I trust I am now 
learning to do my very best to secure 
the ideas to put myself carefully to 
operate the item to me which was seem- 
ing away when needed so much by me. ’ ' 
And, later, describing his aphasic .con- 
dition, “Personally I got dumb and 
could not remember things." (These 
cases are quoted from Weisenburg and 
McBride's Aphasia.) 

As these instances show, there is com- 
monly a disturbance in the use of lan- 
guage, but this is too limited a view of 
the defect. Language is man's main 
symbolic system, and aphasia has been 
considered as a disturbance in symbolism 
(Head) or in propositional expression 
( J ackson) . But formal symbols are still 
but one avenue to meaning, and the 
others may also be disturbed in. aphasia. 
A patient may fail to recognize familiar 
tunes, or may be unable to identify by 
touch a common object placed in his 
hand, such as a key or knife or pencil, 
although he recognizes well enough that 
some object is there and may name it at 
once on sight. Similarly on the motor 
side, a man could not at will move his 
tongue over his lip on instructions, which 
he understood, but could do so to remove 
a crumb placed there. Comparable de- 
fects in meaningfulness have been pro- 
dneed in monkeys by appropriate brain 
operations on the parietal lobes (Kluever 
and Bucy). Such an animal still sees 
and feels objects as well as ever, but it 
no longer recognizes them. It will pick 
up, bring to its mouth, and drop again, 
in interminable random activity, such 
normally intensely discriminated objects 
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as a banana, a stone, and a live snake. 
This behavior is in sharp contrast to that 
of a monkey whose visual sensory cortex 
(occipital) has been removed. Then, 
while light sensitivity is fnlly retained, 
as shoirvn by eye reflexes, all visnal per- 
ception is gone ; the animal is effectively 
blind. 

Thus meaning, in its widest sense, is 
imperiled by such brain insults, and the 
gestalt psychologists have not failed to 
point out that the very ability to create 
closures is damaged in aphasics. But, in 
man, language (with mathematics as one 
form of language) remains an especial 
index to the workings of mind ; and Pick, 
combining philological study with his 
clinical observations, has formulated a 
series of stages in language use, which 
may be interrupted anywhere by the 
aphasic slash. On the sensory or recep- 
tive side there is, first, the perception 
of speech as distinct from mere sound. 
There follows the recognition of words 
as separate entities and then of the 
^‘musical” parts of speech, cadence, and 
intonation. Only then comes an aware- 
ness of meaning, followed by full under- 
standing of sentences with their proper 
word relations and emphases. Turning 
now to the motor or expressive sides, the 
sequence is intuitive thought (also called 
verbalizing or inner speech), which be- 
comes structured thought, and is then 
cast into the schema of a sentence, only 
after which are the actual words chosen 
and the result articulated. Aphasia may 
thus prevent sensation from emerging 
into meaning, meaning from eventuating 
in behavior, or meaniag itself from com- 
ing clear. The last would be a disturb- 
ance in closure or structuring. This 
represents, perhaps, the basic disintegra- 
tion of imagination. Imagination may 
be the word for that all-important no 
man’s land between the end of the recep- 
tive process and the start of the expres- 
sive one. . 

The future is parturient with the an- 
swers. Por the advance of neurosurgery 


is offering to study clean-cut eases of 
brain defects (or stimulation ) ; patients 
with local brain amputations or incisions 
for tumors or infections or even, rather 
less soundly, for mental disturbances. 
And the advance of psychological mea- 
suring is supplying better precision tools 
with which to make the study. Thus, at 
the receptive levels, superficial damage 
to a region (17) of the visual cortex 
destroys color sensations but preserves 
pattern ; more profound damage destroys 
pattern recognition as well while leav- 
ing (as in the monkey) light sensitivity. 
Comparably, direct stimulation of area 
17 in a conscious patient produces an 
awareness of lights; when the next area, 
18, is stimulated, the lights move about ; 
and, if the next brain region is excited, 
complete pictures flash into consciousness 
— ^as of a man somersaulting toward the 
observer. 

And at the integrative or imaginative 
levels of meaningfulness, we need only 
the results of applying the tests for pri- 
mary abilities, especially for Thurstone’s 
A, E, I, and K factors, to patients with 
specific brain operations to make a great 
step forward. Even now, Halsted has 
found a striking defect, in patients 
whose frontal lobes have been partly re- 
moved, in the ability to make categories. 
A normal adult, given a miscellaneous 
collection of familiar objects and asked 
to group them in as many ways as pos- 
sible, can set up dozens of categories for 
grouping — ^by color, shape, material, use, 
and so on and on. The operated patient 
can make few, if any, groups. Now 
making groups or classes is a form of 
closure, and here again we see imagina- 
tion crumbling along with the brain that 
spawns it. But we must look more 
closely at the structure of the brain and 
the problem of localization. 

Anatomy, The introspective psycholo- 
gists have distinguished between crude 
sensation, organized perception, and full- 
formed imagery on the sensory side; 



490 


THE SCIENTIEIC MONTHLY 


reason, will, and action on the motor 
side. Tlie boundaries are not sharp, to 
be sure, yet one can almost follow the 
one into the other on moving with nerve 
messages along the nervous system. 
From the single receptor, or sense organ 
— ^tactile corpuscle of the skin, eye, ear, 
etc. — comes but one modality of sensa- 
tion — ^touch, light, sound. This has the 
attribute of intensity, given by the fre- 
quency or closeness with which impulses 
follow each other in each nerve fiber 
and, less, by the number of fibers acti- 
vated. When the message reaches ap- 
propriate regions of the nervous system, 
the sensation also has its particular qual- 
ity of touch, or pitch, and this much of 
pattern that a “local sign^’ is attached, 
so that the region of the body (touch) 
or receptor (eye) from which the mes- 
sages come remains identifiable. As 
nerve fibers from receptors gather into 
nerve bundles (along with motor fibers 
for much of the way, but separating at 
the ends, especially where they join the 
central nervous system), sensory mes- 
sages are grouped together either by 
modality, in special cases like those of 
seeing in the optic nerve and those of 
hearing in the auditory nerve, or more 
generally by region, as all the skin and 
other sensations from one finger in a 
particular nerve or nerve branch. 

Yet as soon as these latter nerves enter 
the nervous system, mainly along the 
spinal cord, the relay fibers are shuffled 
about so that they also become grouped 
by modality. Thus, if a nerve to the leg 
is cut, some portion of the leg skin (and 
muscle) will have lost all sensation of 
touch, pressure, temperature, pain, posi- 
tion, vibration, etc. But if one of the 
relay bundles in the spinal cord is dam- 
aged, the entire limb will lose only the 
sense of touch or of pain or of position, 
as esamples, depending on which part 
of the cross section of the cord is injured, 
while retaining the other senses unim- 
paired. IVhen these second relay fibers 


pass on their messages to the third mem- 
ber of the team, in the thalamus at the 
base of the great cerebral hemispheres, 
there is another reshuffling so that region 
again enters strongly into the arrange- 
ment. And from here the nerve wires 
fan out to reach the cerebral cortex, each 
to its own particular spot. 

Optic fibers run to the occipital lobe 
and are there ordered so that each region 
of the retina is represented at a roughly 
comparable position on the cortex. 
Fibers from the skin carry all the cutane- 
ous sense messages, remixed as to modal- 
ity, to the parietal lobe just behind the 
great Rolandic fissure, where the various 
body regions are neatly arranged in 
order ; from the foot at the vertex of the 
brain to the head well down the lateral 
surface — as if a tiny and rather gro- 
tesque manikin of the body lay upside 
down (and right side left) on this region 
of the brain. Sound, smell, balance, 
hearing are similarly “placed’^ in given 
parts of the cerebral cortex, and, on the 
motor side, the body muscles are repre- 
sented just in front of the cutaneous 
area, across the Eolandic fissure, and are 
ordered as a manikin in like fashion. 
Muscle sense, which tells us limb posi- 
tion, for example, overlaps the cutaneous 
and motor areas, again in the same order 
from foot to head. The spatial arrange- 
ment of entering nerve fibers in the audi- 
tory cortex is in terms of pitch, rather 
than of position and, just discovered, 
there is a double location for hearing — 
two distinct brain areas in each hemi- 
sphere. 

These cortical areas to which sensory 
nerve messages are projected from the 
thalamus, or from which motor messages 
project through the thalamus, are called 
the projection areas. They occupy but 
a small portion of the cerebral cortex, 
being surrounded by various association 
areas; and indeed both the microscopic 
characteristics and arrangements of the 
nerve cells and the functional influences 
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that have been traced between them show 
that some half a hundred individual and 
distinctive areas are present in the cor- 
tex of man. Some of the association 
areas, in close relation to projection 
areas, are primary and concerned di- 
rectly with an elaboration of the particu- 
lar projected messages. More of them, 
the secondary association areas, are con- 
cerned with the most general interrela- 
tion and reworking of the elaborated 
sensory clues, present and past. Thus, 
referring again to the aphasias, destruc- 
tion of the visual projection area (17) 
causes blindness; of the visual primary 
association area (18), a pure sensory 
aphasia (agnosia) for seen objects or 
S 3 nnbols — inability to give meaning to 
written words; of secondary association 
areas, a greater or lesser loss in meaning- 
fulness in general, an integrative aphasia 
(aconia). A pure motor aphasia (ap- 
raxia) , like the pure sensory one, would 
involve a primary association area re- 
lated to the motor area for, say, speech. 
Stimulation, conversely, gives lights 
(17), moving lights (18), and moving 
pictures, respectively, as described 
earlier. 

Now what of sensation, perception, 
and the like, and especially imagination, 
in relation to this sketched-in organiza- 
tion of the nervous system? Clearly, a 
knowledge of structure and localization 
of function is not enough; for a single 
nerve impulse running in a single nerve 
fiber in one or another part of the brain 
is much the same thing, and a billion of 
them simply added together are only a 
billion of the same things. But nerve 
impulses are not simply added. Mes- 
sages set up from a single hair on a cat^s 
paw — ^by touching it with a hair on the 
observer’s hand so lightly that the ob- 
server feels nothing — ^run up a sensory 
nerve fiber to the spinal cord and there 
‘Axplode” into many impulses running 
up to the brain in many fibers, which 
further interact along the way. A per- 


son listening to a watch tick hears it as 
louder while a light is being looked at; 
and experiments on cats show a similar 
enhancement of messages in the auditory 
sensory paths when the nearby optic 
paths are simultaneously active. The 
point is that as sensory messages ascend 
toward and into the cerebrum they are 
not merely relayed and regrouped, they 
are also reorganized and reworked; in 
fact, we shall see they even reverberate. 

What may be the conscious concomi- 
tants of these various stages of neural 
work is not known; but all the evidence 
suggests that they would rise in richness 
along with the intricacy of activity pat- 
terns in the nervous system. If aware- 
ness is the internal view of events or 
systems which are material to the exter- 
nal view, as many hold, then some proto- 
consciousness (probably not self-con- 
sciousness, or an awareness of being 
conscious) must exist in the simplest 
blob of living protoplasm or, for that 
matter, even in all substance. But, just 
as behavioral capacity leaps upward 
when a nervous system is present and 
again as each major improvement in it 
evolves, especially as the great cerebral 
cortex comes to flower, so subjective 
awareness does likewise. Some conscious- 
ness of sensation may exist in the spinal 
cord, as does some ability to recombine 
and learn, but this would be difficult to 
prove and is surely of negligible degree 
compared to what is experienced by 
man’s brain. Nevertheless, the sensory 
messages from receptor through sensory 
nerve and spinal bundles probably repre- 
sent pretty pure and raw (Wt un- 
sensed) ‘‘sensation” — as suggested by 
some of the facts on the results of dam- 
age. And if they reach projection areas 
without much interaction with other 
activity patterns they will result in sim- 
ple consciously recognized sensation. 
There is even some evidence that the 
most primitive undiscriminated “feel- 
ings,” such vague discomfort as aceom- 
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panies mild bowel cramps, may depend 
on older subcortical brain regions, such 
as part of the thalamus. If, however, 
they interact with other current sensory 
messages, and with the memory traces of 
past ones, then they are probably more 
of the character of perceptions, after 
moving on from the thalamus and into 
the projection areas. By the time the 
primary association areas are engaged, 
wuth their added complexity, imagery is 
probably also present. 

A comparable but reverse sequence ex- 
ists on the motor side, with drive or will- 
ing or maybe intuitive speech at the start 
and particular muscle contractions at the 
end ; with the same possibilities of inter- 
ruption along the way, grading from the 
aphasias to the out-and-out paralyses. 
Volition may be disengaged from motor 
expression in less drastic ways than by 
anatomical damage : a person recovering 
from the stupor due to inhaling concen- 
trated carbon dioxide ^‘wiUs^^ to move 
his hand in response to a request, but 
nothing happens for a minute or more 
when, to his surprise, the hand moves 
‘‘of itself’^ (McCulloch). The leaden 
limbs of a nightmare, when the dreamer 
cannot run for his very life, may be a 
comparable neural block ; at least in deep 
sleep the toe reflex from scratching the 
sole (Babinski) behaves just as it does 
when the motor pathways of the nervous 
system have been injured. 

Between perception and imagery on 
the one hand and volition on the other 
lie the great mental territories of imagi- 
nation and reason. It might be useful 
to consider imagination as the culmina- 
tion of sensory events, reason as the 
origin of the motor ones. Or perhaps 
reason, with its attendant logic, verbali- 
zation, decision, and willing, is more 
properly the start of motor events, and 
imagination is the more pervasive and 
encompassing mind work which is the 
keystone of the sensory-motor arch. Men 
with moderately severe brain injuries 


may perform well on the usual intelli- 
gence tests, while falling down on those 
which sample imagination. Indeed, im- 
agination may include a “power’’ factor 
of intelligence underlying the others, as 
Spearman believed, and depending on 
the mass functioning of the whole brain, 
as Lashley’s work on animals suggests. 

Certainly, as earlier outlined, imagi- 
nation depends on sensory information. 
Man cannot see the world other than as 
it unfolds itself within the sensory pro- 
jection areas of his brain. These deter- 
mine his basic orientation to externality. 
In the very spatial arrangement of the 
areas of vision, skin, and muscle sense 
is embedded an unformulated geometry. 
The basic units of physical science are 
distilled from these areas: space (centi- 
meters) from vision, touch, muscle sense, 
and the vestibular system (the balance 
organs located within the ear) ; substance 
(mass, grams) from smell, taste, touch, 
muscle sense, and, secondarily, vision — 
a congenitally blind person, on achieving 
vision, feels objects “hitting” his eyes 
until he learns to project his experience 
into the third dimension, as we all pro- 
ject the sense of touch to the end of a 
stick with which we explore the bottom 
of a pond — and perhaps, even, the notion 
of force comes from touch and muscle 
sense, of matter more from taste and 
smell; and time (seconds) most directly 
from hearing. At least, as evidence for 
this last, is the powerful reaction to 
heard rhythm, tapping to a tune, and 
the fact that a sound track of words or 
music run backwards is completely mean- 
ingless, whereas a reversed light track, 
though often ludicrous or impossible, is 
perfectly meaningful. Moreover, one’s 
subjective judgment of time certainly 
depends on a brain clock, which runs fast 
in fever according to a precise mathe- 
matical function of the brain tempera- 
ture (Hoagland). (In another, more 
fanciful, sense one might think of time 
running through the cortex from behind 
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forward. Sensations, from already past 
events, enter behind the Eoiandic fissure ; 
motor impulses, which will set off future 
actions, leave from in front of it.) 

From space, mass, and time comes, in 
turn, the notion of entity — the basic 
gestalt of all and the first flutter of 
imagination. In this sense, that entity 
is given by the sensory organization of 
the nervous system, Kronecker's famous 
mathematical dictum takes on a pro- 
founder meaning: '‘God made the inte- 
gers, man did all the rest.” And, in 
supplying the substratum for thought, 
vision in man is surely of overwhelming 
importance. Our thought words are al- 
most all of visual reference, although we 
do "apprehend’" a meaning and refer to 
a "tangible suggestion” or a "weighty 
problem,” and we may say of something, 
"it looks heavy or hard,” but never that 
"it feels red.” Brightman has written 
the telling paragraph, quoted below, on 
the indications from language ; and Sher- 
rington showed how the eye, the main 
distance receptor in the higher verte- 
brates, has dominated the evolution of 
the cerebrum. 

A survey of language shows that many of 
the terms used by common men as well as by 
scientists and philosophers in expressing their 
fundamental concepts are words which point 
only to visual experience, away from the invisi- 
ble experience of free, purposive valuing. . , . 
Even theoretic man has clung to the visual tra- 
dition, or as it has been called, ^ ^ The Spectator 
Theory of Knowledge.’^ A spectator is one 
who looks j theory means looking; knowledge is 
the only word here that originally allows a non- 
visual experience. Eealism, of course, refers to 
the visible thing, the res. But even idealism is 
named from the root 16, which means see. Intui- 
tion (intueor) is simply looking at what is seen; 
vision, that supposedly spiritual act, means only 
seeing (video). 

No matter how intellectual we try to become, 
we cling to insight. We seem to walk by sight 
and not by purpose in our etymology. If our 
insight reaches its highest level, it is synopsis, 
in which the optical is evident (as vision is evi- 
dent in the very word ^ ' evident ^ ^ . The esthetic 
is often interpreted as having some relation to 


purpose; yet the Greek word means only what 
is perceptible to sense. Even imagination 
(imago f imitor), which originally referred only 
to likeness and might thus mean likeness in 
purpose or value, quickly came to mean the 
seen likeness of a visible object. A philosophy 
is a world view (vue)^ that is, something seen. 
Contemplation comes from contemplor (to gaze 
at). Consideration is from considero (to look 
at closely) ; an interesting hint at man ’s early 
stargazing, for sidus (star) is concealed in the 
word. Even the ultraphilosophical German 
word, Vernunftj derives from vernehmen, which 
originally meant to see. 

The distinguished art critic Ivens has 
made the provocative suggestion that 
Greek art and architecture and mathe- 
matics are distinctly inferior to those of 
more modern times (a critical judgment 
which he supports in considerable detail) 
because the classic Greeks were essen- 
tially hand-minded (touch and muscle 
sense), and modern man, eye-minded. 
The former, he urges, gave the finite, 
discrete, and particulate; the latter, the 
infinite and graded. Aside from such 
historical evidence as the continuity im- 
plied in Zeno’s paradoxes, this view 
seems unsound on a biological basis. 
Greek brains were built like ours, of the 
same human race; and an earlier race, 
Neanderthal man, had, if anything, a 
more emphasized vision than our own — 
at least the occipital lobe of his brain, 
with its visual areas, was mightily devel- 
oped. True, individuals vary in the de- 
gree to which their imagery is visual, 
auditory, tactile, and the like (it might 
even be possible to measure this in terms 
of the relative strengths of the occipital 
(a) and the parietal (|3) rhythms in 
their electrical brain waves) ; but this 
variation almost surely follows the chro- 
mosomes, alike in old or new Greeks 

No, the more static constructs of the 
classical period are to be understood 
rather as an earlier phase of imaginative 
creativity. In all human thought, the 
constant is adumbrated before the vari- 
able (mathematics), statics before dy- 
namics (physics), structure before func- 
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tion, and classification before relationsHp 
or evolution (biology) . It is not surpris- 
ing that tMs is so, for thus does the brain 
create imaginings : remember that stimu- 
lation of the '^dsual projection area gener- 
ates static lights ; of the first association 
area, dynamic ones; and of the second 
association area, moving pictures ! 

Physiology. What, then, of the mecha- 
nisms of brain functioning, of the gener- 
ation of thought? Granting, again, that 
the exact relation between neural proc- 
esses and conscious events remains un- 
known, it is still possible to recognize 
some striking parallels. Are closure and 
patterning basic to imagination? They 
are simply shot through the entire felt- 
work of the nervous system! Not only 
in the large-scale organization we have 
already noted but in the smaU-scale one 
no less. True, particular nerve fiber 
bundles connect each of the separate 
areas of the cortex with all; many di- 
rectly, the others by relays. True, some 
of the bundles carry messages which ex- 
cite the nerve eeUs they reach, so that 
when cells in area X fire messages to area 
Y the cells in Y become active. But it 
is also true that comparable nerve bun- 
dles connect cortical areas with thalamus, 
with spinal cord, with all parts of the 
nervous system ; so that a nerve impulse 
entering the central mass along any fiber 
path could, in principle, find its way by 
one route or another to every part of the 
nervous system. (And in fact, too, 
under some conditions; as when strych- 
nine has rendered the whole neural ap- 
paratus more sensitive, and a slight irri- 
tation anywhere can set off a general 
convulsive reflex contraction of all the 
muscles of the body.) And it is further 
true that the nerve impulses running 
from area X may not excite but inhibit 
or suppress the cells in area Y so that 
these stop their current action and can- 
not be re-excited for a time. Thus, 
stimulating the arm region of the motor 


area (4) will cause arm movements; but 
stimulating a region (4-S) only a few 
millimeters forward will stop arm move- 
ments and even prevent further stimu- 
lation of area 4 from starting them. Sur- 
prisingly, although 4 and 4-S lie next 
to each other on the cerebral cortex, this 
suppressor action depends on a distant 
locus of interaction; and part of the 
interplay is via a complex relay path, 
from 4-S to deep cells in the cerebrum 
(basal nucleus) and from there to the 
thalamus and from there back up to 4. 

Each nerve cell is so richly supplied 
by nerve fibers reaching it from all sorts 
of local and distant neural regions, reach- 
ing it and making functional connection 
(synapse) with it, that it is rather like 
an egg packed in sticky excelsior. Mes- 
sages bombard it along these many paths, 
some pushing it to action and some to 
quietude, some perhaps powerful enough 
to tip the balance individually but most 
surely requiring the help of their like 
fellows. Further, the nerve cell is being 
influenced by the blood passing it, by the 
oxygen and sugar it receives, the salts 
that bathe it, the electric currents from 
its neighbors, the temperature at which 
it finds itself, by drugs which reach it. 
And from this welter of influences — ^its 
state of health, the condition of the en- 
vironment in which it is living, and, par- 
ticularly, the clamor of allied and op- 
posed messages reaching it — ^from ail this 
comes a single result: the cell fires mes- 
sages along its own fiber to still other 
cells, or it does not fire. There is, to be 
sure, some gradation in number and fre- 
quency of impulses sent or in duration of 
inactivity and depth of inaetivability, 
but essentially the balance is between 
action or no action. Just so the judge, 
depending on the state of his stomach, or 
the temperature of the courtroom, or the 
bombardment of arguments on each side 
of the case, renders a single decision for 
or against. (Freedom of the individual 
to make the decision is equally easy or 
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liard to discover in the nerve cell and in 
the judge. ) It is the collective and pat- 
terned actions of the several billion nerve 
cells of our brains that determine our 
behavior and accompany our thoughts. 
We must explore further this neural 
patterning. 

A few years back, the only well-recog- 
nized pattern was the reflex are. A 
message entered along a sensory nerve, 
continued through the nervous system 
along direct or relayed connections, and 
finally emerged in a motor nerve. Ex- 
cept as messages were in transit, the 
nervous system was presumably quiet. 
Today we know, largely from the electri- 
cal pulses of the brain waves, that 
nerve cells are continuously active in 
wake or sleep, and many beat on like the 
heart. In part, this beat depends on the 
chemical and physical state of the cell 
and its surrounding fluid ; in part, on the 
nerve messages playing upon it. Sup- 
pose cell A sends its fiber to connect, 
among others, with cell jB, B with Cy C 
with Dy and D with A. If A were once 
activated by a message from X it would 
excite By and so through C and D be re- 
exeited itself. Another branch from D 
might excite T. Then, once started, such 
a circuit might continue active, with 
excitation going round and round like 
a pin wheel and throwing off regular 
sparks of activity on each cycle. Of 
course this picture is too simple — the 
circuit would not be set off so singly, it 
would vary in its path and speed of 
spinning, it would have to stop by cell 
fatigue or other impulse interference, it 
would involve many more cells and con- 
nections, were it to accord with the actual 
behavior of the brain. But what is im- 
portant is that just such circuit patterns, 
with all the needed complexities, have 
been shown to exist and function in this 
manner (Lorente de No), Closure in 
mental processes, did we say? Here is 
closure woven into the very fabric of the 
nervous system! 


These closed circuits are mostly over 
minute distances, in single centers of the 
nervous system, but comparable ones 
exist on a gross scale. In many cases, 
also, a nerve cell cannot be made to fire 
by impulses reaching it along a single 
fiber but requires a nudge from two or 
several arriving at the same time (the 
main effect of a single impulse is ex- 
pended in a few ten-thousandths of a 
second) and even from different regions. 
Again, what a beautiful basis for making 
new gestalts or recombinations of sen- 
sory material! As one example, recall 
that light can make sounds seem louder ; 
as another, how association areas rework 
and embroider the activity of projection 
areas. A further instance shows that 
messages from the frontal lobe of the 
brain, as well as from the optic nerve 
and thalamus, must reach the visual cen- 
ters for them to become fully active; 
for after injury to the front of the cere- 
brum the field of vision is narrowed, even 
though the retina and its immediate 
brain connections to the optic brain areas 
remain intact (Halsted). 

Several important interactions occur 
between the cerebrum and thalamus, be- 
sides those already mentioned. Through 
the latter pass all sensory messages on 
their way to the projection areas and to 
full consciousness; and in another part 
of the thalamus are coordinated the 
bodily responses and perhaps the subjec- 
tive aspects of emotion and other primi- 
tive feeling. When the cerebrum of an 
animal is removed, affective behavior is 
grotesquely exaggerated ; so nerve paths 
from the cerebrum hold the thalamus in 
check. Other fibers from the cortex can 
activate the thalamus, and, indeed, even 
as sensory messages relay up through 
this part of the brain, other messages 
coming down to it from the cortex can 
block or enhance their passage (Dusser 
de Barenne). Perhaps what we call at- 
tention is in action through these paths 
which functionally open or close the gates 
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of the thalamns and allow now one, now 
another, group of sensory messages ac- 
cess to the cortex and full consciousness 
while relegating the others to the fringe 
of awareness or even to the unconscious. 
(This is not to say that all cortical activ- 
ity is conscious or seK-conscious, for such 
is not the case. James’s figure of con- 
sciousness, as a single lighted candle 
carried from place to place in the cavern- 
ous darkness of a great building, is still 
a good one.) And, a final example, cer- 
tain paths from the thalamus radiate out 
to much of the cerebral cortex and, when 
stimulated, set the whole cortical sheet 
into vigorous electrical beating (Morison 
and Dempsey) . Perhaps this mechanism 
is responsible for the overactive mind 
work that follows an emotional shock. 
Perhaps just this occurred in Goethe’s 
brain when news of his friend’s suicide 
“crystallized” the plan of “Werther” 
as, “the whole shot together from all 
directions and became a solid mass.” 
And surely here again is a neural basis 
for closure. 

Besides such provocative nerve mes- 
sages, able to influence the action of 
millions of nerve cells, other integrating 
mechanisms exist in the brain. Waves 
of action can be made to travel slowly 
over the cerebrum, for example, even 
when all anatomical connecting paths 
have been severed. Electric currents are 
probably involved here, and, indeed, 
these are a major factor in that environ- 
ment which influences the discharge of 
the single nerve cell and the coordination 
of the many. Electrical fields have been 
richly demonstrated in brains ; have been 
shown to vary their pattern with state 
of activity, chemical environment, drug 
action, and the like (Gerard) ; and have 
even been successfully invoked to explain 
in detail a variety of optical illusions in 
man (Kohler). By such various mecha- 
nisms, then, great masses of nerve cells — 
the brain as a great unity — act together; 
and not merely do two or a billion units 


sum their separate contributions, but 
each is part of a dynamic fluctuating 
activity pattern of the whole. This is the 
orchestra which plays thoughts of truth 
and beauty, which creates creative imagi- 
nation. 

Plenty of problems remain; some de- 
mand attention. Most urgent to our 
present theme is how novel neural pat- 
terns originate, since they must accom- 
pany novel thoughts or learning in 
general. Much attention has been given 
to the phenomena of learning: by “at 
sight,” the slow cumulation of a new 
“correct” response in the course of con- 
ditioning experience, the conditioned re- 
flex ; and by insight, the sudden grasp of 
a solution and abrupt performance of the 
correct response, the gestalt or closure or 
imaginative act. They seem very differ- 
ent, and, as Terman put it, conditioning 
serves admirably to explain stupid be- 
havior ; gestalts, intelligent behavior. 
The mechanisms may indeed be quite dif- 
ferent, but it is possible, perhaps proba- 
ble, that they are basically quite similar. 
In both cases, new functional connections 
must be established in the brain ; and this 
process may be more gradual and cumu- 
lative in the case of insight than appears. 
For here, also, much brain work precedes 
the imaginative flash — the theory of 
gravitation may result only when the 
metaphorical apple falls on the prepared 
mind — and only when the process has 
progressed to some threshold level does 
it overflow into a conscious (self-con- 
scious) insight. 

So long as our picture of the nervous 
system was that of the telephone ex- 
change, with reflex plugs all set and each 
sense organ subscriber connected with, 
and able to call to action, its allotted 
muscles, the appearance of new responses 
seemed to demand the presence in the 
brain of rather mysterious telephone 
operators to shift the plugs. Now, with 
our discovery of a far more fluid nervous 
system, one unceasingly active and with 
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neural and electrical messages rippling 
tlie whole into dynamic patterns, which 
flow from one contour to another as pres- 
ent influences play upon the condition 
left by past ones — ^with such a picture 
the arrival of new neural relationships 
is no great problem. Schemata have been 
offered — in terms of nerve impulse bal- 
ance, electrical fields, fiber growth — 
which at least indicate reasonable ave- 
nues for further exploration. More diffi- 
cult still is the question of whether the 
new closures come to occupy particular 
neural regions, whether experience is 
parceled out in brain cubbyholes from 
which memory can withdraw and ex- 
amine one package or another. 

The answer seems to be mainly No, but 
with considerable reserve. A conditioned 
reflex established exclusively wa one eye 
or executed by one hand can be at once 
elicited through the other eye or with the 
other hand ; a learned response to a par- 
ticular figure will be given unhesitat- 
ingly when the figure is changed in size, 
color, intensity, position, and even, 
within narrower limits, contour. Yet in 
each of the shifts indicated, different par- 
ticular nerve fibers and connections are 
involved, at least in part. Further, Lash- 
ley has shown that the learning ability 
of rats parallels the total brain mass and 
is decreased as the brain is whittled away 
by operations. But the loss is not greater 
when any one region is destroyed as com- 
pared to another nor even when extensive 
thin cuts are made rather than removing 
a compact lump. Yet even here there 
begins to appear some suggestion of 
localization, for, though removal of the 
visual cortex does not prevent a rat from 
learning a light-discrimination problem, 
it does wash out a previously learned 
problem of this sort. And recent work 
on animals like the dog, with more elabo- 
rated brains, suggests some striking 
localizations. 

Thus Culler established a conditioned 
leg flexion by sounding a given tone when 


an electric shock was administered to the 
paw. The tone alone then led to flexion, 
unless this conditioned response was 
elicited for a number of times without 
being ‘^reinforced’’ with the shock, in 
which case the response was temporarily 
“extinguished.” This is all routine; 
.what is startling is his report that he 
found a region of the cortex only two 
millimeters in size and lying in associa- 
tion areas well away from cutaneous, 
hearing, or motor areas, which, on direct 
stimulation, caused leg flexion in animals 
with an active conditioned reflex but 
which was inactive in animals in whom 
the reflex was extinguished or had never 
been established. Another report, by 
Martino, is perhaps even more dramatic. 
He performed his conditioning so that 
the right eyelid blinked when red light 
was shown, the left eyelid with violet 
light. He then put strychnine locally on 
the optic cortex of either the right hemi- 
sphere (connected to the left field of 
vision) or the left one. With the left 
side rendered overactive by the drug, red 
(but not violet) light led to eye spasms 
and convulsions; with the right side 
drugged, only violet light produced the 
response. 

If such indications hold up, a rapid 
advance in understanding in this field is 
imminent. Perhaps learning is initially 
a function of the whole brain and as 
ephemeral as a pattern of activity. But 
even activity leaves some more perma- 
nent change in the active part — ^think of 
the h3rpertrophy of an exercised muscle. 
And brain regions which are most active 
in particular patterns — ^think of the nodes 
and internodes of crossed wave trains — 
might well acquire, with repetition of 
these patterns, alterations which are both 
more local and more enduring than the 
initiating disturbance. With such re- 
gions located it will become practicable 
to look for the kind of change which 
endures ; change in chemical composition 
or metabolism, electric potential or resis- 
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tance, cell structure or eormection, or 
whateyer it turns out to be when found. 
The figure of a river and its bed, used so 
vividly by Child in picturing the general 
relation of structure and function, is 
apposite here. The river carves its bed 
and the bed controls its waters ,* only by 
their continual interplay can a particu- 
lar system develop. The spring floods 
are mass responses of tbe whole to en- 
vironmental conditions and are transi- 
tory dynamic patterns, yet they leave 
local and lasting changes. Where the 
waters pile up most and the currents are 
swiftest — ^where the activity disturbance 
is most extreme in a particular total situ- 
ation, as the potential fields in the occipi- 
tal lobe on visual stimulation — ^there are 
produced the washed-out banks or the 
undercut cliffs which determine the 
river ^s flow for decades to come — ^the con- 
crete regional changes wherewith the 
past directs the future, the basis of 
memory. 

A final problem before coming to the 
implications of our analysis : What is the 
neural basis for the striking quantitative 
differences between man and man in in- 
telligence or in the several abilities which 
constitute intelligence or its component, 
imagination? Surely brain size as such 
is not the answer, as many studies have 
demonstrated. Perhaps absolute or rela- 
tive size of the association areas would 
show better correlation with intelligence ; 
or perhaps the richness of fiber connec- 
tions and the architectural intricacy — 
as the more elaborate, circuits make the 
better radios, large or small. And the 
factor of activity level is almost surely 
involved ; not only the size and number 
of nerve cells but their rates of beat, 
maintained potentials, irritabilities ; their 
functional vigor. This, in turn, depends 
on their composition (make what you will 
of the fact that the brains of women 
contain a higher percentage of lipins — 
fats — ^than those of men) and on their 
metabolism ; and this, on the blood sup- 


ply and the amount of oxygen and sugar 
it brings, on the salt and acid and other 
components of the tissue fluids, on par- 
ticular stimulants or depressants, as the 
thyroid hormone or anesthetic drugs, and 
the like. The influence of caffeine, alco- 
hol, strychnine, cocaine, morphine, hash- 
ish, absinthe, and mescaline on brain 
metabolism and activity are being 
steadily worked out ; their dramatic 
effects on the mind, especially on halluci- 
nations and imaginings, are commonly 
enough known .and are also being further 
studied (Kluever). As the sets of facts 
are brought together new understanding 
will arise. Possibly from this direction 
we shall get a clue as to the finer differ- 
ential between brains: what gives one 
man a vivid imagination but a poor mem- 
ory, another an encyclopedic memory 
but dull imagination. And when that 
answer is at hand science will indeed 
have established the biological basis of 
imagination. 

Implications 

Without awaiting these riper fruits of 
research, some immediate morals are 
worth plucking. The ideas tossed into 
consciousness by imagination are, we 
have seen, overwhelmingly bad — ^untrue 
or unbeautiful — and must be curbed and 
ruddered by reason. Here, surely, lies 
a difference between the more imagina- 
tive initiator and the more rational critic. 
Formal education is directed to our con- 
scious reason, which can at least be sup- 
plied with content and practice; if the 
more intuitive and unconscious imagina- 
tion can be cultivated we have yet to 
learn the secret. There is the danger of 
reason stifling imagination, that '^enter- 
prises of great pith and moment” will 
be "sicklied o’er with the pale cast of 
thought.” Prom the young, the naive, 
the dreaming, the drug users, comes a 
great spate of fresh imaginings, over- 
whelmingly dross but with those rare 
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grains of great insiglit yet more common 
than from the old, the critical, the staid, 
or the sophisticated. To teach rigor 
while preserving imagination is an un- 
solved challenge to education. 

Again, each important advance in 
form, in structured truth or beauty, is 
the result of a new closure, of a fresh 
set of axioms ; a better set, resulting from 
the greater Imowledge and understand- 
ing built with the aid of those dying. 
The forming mind of the young can use 
the new as comfortably as the old, but 
the formed mind of the teacher cannot 
readily run along the new-gauge tracks. 
The concepts of infinity, relativity, inde- 
terminism in the physical realm, as evo- 
lution in the biological, were difficult for 
the established generation, simple for the 
oncoming one. Yet unless we forever 
question the basic imaginative constructs 
of our predecessors we condemn our- 
selves to working at progressively more 
detailed and trivial levels, to filling in 
further digits past the decimal point. 
Eecall Trotter’s provocative statement: 

When, therefore, we find ourselves entertain- 
ing an opinion about the basis of which there 
is a quality of feeling which tells us that to 
inquire into it would be absurd, obviously un- 
necessary, unprofitable, undesirable, bad form, 
or wicked, we may know that that opinion is 
a non-rational one, and probably, therefore, 
founded upon inadequate evidence. Opinions, 
on the other hand, which are acquired as the 
result of experience alone do not possess this 
quality of primary certitude. They are true in 
the sense of being verifiable, but they are unac- 
companied by that profound feeling of truth 
which belief possesses, and, therefore, we have 
no sense of reluctance in admitting inquiry into 
them. 

In etMcal and religious attitudes, even 
more, the axioms are set at childhood; 
the re-education of a generation of ‘‘Hit- 
ler Youth” gives little promise of suc- 
cess. Why, even in aesthetics we learn 
our particular values ; the dissonances of 
a mere generation ago are consonances to 


ears of today. To preserve open-minded- 
ness while teaching current systems is 
another unsolved problem of education. 

A final word on creative imagination. 
Besides the intellectual factors, certain 
emotional ones are demanded. The un- 
conscious work goes on only over prob- 
lems that are important to the waking 
mind, only when the mind’s possessor 
worries about them, only when he cares, 
passionately. As Pavlov wrote shortly 
before his death at 87, advising young 
men on the requisites for effective pur- 
suit of science: “Third, Passion. Re- 
member that science demands from a 
man all his life. If you had two lives 
that would not be enough for you. Be 
passionate in your work and your search- 
ings.” This is related to the conscious 
work recognized by Poincare as preced- 
ing the unconscious work of imagination ; 
another emotional factor is involved with 
the second period of conscious work 
which follows : courage. It takes courage 
to face the unfamiliar, to espouse the 
different; courage to fight one’s own 
prejudices only less than those of others. 
Was it not a little child who first dared 
call the emperor naked? It took great 
fortitude for Kepler to adhere to his new 
notion of infinity (as the second focus of 
a parabola), for, as he said, “The idea 
seems absurd, but I can find no flaw in 
it”; just as it did for Galileo to murmur 
among his inquisitors, “Yet the world 
does move.” Most of us will never 
achieve great imaginative insights; we 
might at least attempt to be tolerant of 
those offered us by others. 

Somehow, ‘ ‘ this power of human think- 
ing . . . seems in times of emergency or 
conflict to leap ahead to new truth” 
(Dummer) . Sometime, when research in 
this “constructive power of the uncon- 
scious” has increased our understanding 
of insight, man will more effectively 
guide his onward movement. 
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H. G. Wells once remarked tkat the 
fate of tke world depends upon a race 
between education and catastrophe ; but 
in view of the atomic bomb, he has more 
recently announced that catastrophe is 
obviously winning, since science and 
technology are developing more rapidly 
than man’s ability to control them. 
Others, even more alarmist, have pre- 
dicted that atomic fission will ultimately 
set off a chain reaction which will ex- 
plode the entire planet. 

Possibly we can dismiss this particular 
nightmare but we cannot easily dismiss 
this type of nightmare. Instead of pre- 
dicting the total destruction of our 
planet, we may, like Wells, speak of the 
leveling of civilization in a vast chaos. 
All that we cherish may be destroyed 
because man’s capacity to make scientific 
discoveries outstrips his capacity to con- 
trol them. 

Looked at in this context, the question 
what men shall believe acquires an in- 
credible poignancy. Now as never be- 
fore we must go back to fundamental 
questions. What is man — a soul, a 
mechanism, a psychophysical organism? 
What is mto’s place in the cosmos? 
What is the essential value of human 
life! What is the nature of the good 
society? What is the essence and des- 
tiny of civilization ? Every struggle 
loses its meaning, every social move- 
ment its orientation, unless these ques- 
tions be faced. Without a world view, 
strong enough to be the basis of civili- 
zation, we cannot substitute reintegra- 
tion for the disintegration which has 
been at work for several centuries and 
which has led great nations into moral 
and intellectual barbarism. Without a 
different sort of world view than has 


been prevalent, we cannot make the arts 
of life prevail over the techniques of 
death. 

It is possible that we shall have to go 
down to the very bottom of the pit where 
all faith and reason are lost. But it is 
a steadying thought that science has vast 
potentialities for good as well as for ill. 
Pure as well as applied science can help 
steady our nerves by giving us a new 
interpretation of the nature of things. 

Apart from its technological applica- 
tions, science has contributed in two es- 
sential respects to the establishment of 
a better type of civilization: first, in its 
content and, second, in its method. In 
content, science is providing a new view 
of the world and man’s place in it, a 
realistic vision which emphasizes the 
interrelatedness of things and which 
thereby reinfoi’ces the cooperative ideal 
of human life. In method, science in- 
volves a broad community of interpre- 
tation, a world-wide fellowship of truth 
seekers; and it thus prefigures the co- 
operative organization of mankind. Its 
proper utilization, moreover, requires a 
gigantic effort at synthesis, so that the 
vast and ever-accumulating mass of sci- 
entific information can be integrated 
into a unified interpretation of reality. 

As we study contemporary science and 
the philosophy based upon it, we begin 
to see an emerging synthesis of thought 
and action, a possible new basis of civ- 
ilization. The core of this synthesis is 
a world view based upon two ideas. 
First, the world is a complex of in- 
teracting processes — everything is rela- 
tional — ^nothing exists in bare abstract- 
ness, parted off from the rest of exist- 
ence. Second, the world as evolving has 
various levels with distinct, irreducible 
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characteristics^ snch as the mechanical, 
the organic, the conscious. These two 
ideas coalesce into a single concept: the 
evolving multidimensional community of 
all human beings and, in an infinitely 
wider compass, of all the interacting 
entities in the universe. 

Admittedly, we are here discussing 
not the technical content but the ideo- 
logical implications of science. The two 
must be distinguished. For example, we 
can distinguish between the technical 
content of Newton’s astrophysics and 
the ideological implications which Locke, 
Pope, Voltaire, the French Physiocrats, 
and Newton himself read into it. So- 
ciety will always discover such implica- 
tions, and we need not regret the fact. 
Certainly science is a better foundation 
than superstition for a comprehensive 
interpretation of reality. Admitting 
that ^Hhe new world view” w^hich I shall 
discuss contains speculative elements, I 
believe that it involves no such misread- 
ing of science as the supposed implica- 
tions of Newtonian physics to which I 
have just referred. 

As far back as the Victorian period, 
the discovery by Maxwell and Faraday 
of the electromagnetic field represented 
a fundamental departure from the older 
physical notions of relatively discrete 
unchanging particles and external rela- 
tions. Subsequently, physical scientists 
have built up a new type of ‘‘field 
physics” in which atoms or electrons 
are conceived to be interdependent 
events functionally dependent upon 
their spatio-temporal environment. As 
a result of the new concepts of space- 
time, of relativity, of quantum and 
nuclear physics, of the time and space 
rate of energy, of Heisenberg’s principle 
of indeterminancy, the universe depicted 
by physical science has become radically 
different from the “world machine” of 
Galileo and Newton. This difference 
primarily involves the increased recog- 
nition of wholes and integral processes. 


The region, the context, the given total- 
ity, the space-time configuration, the 
emerging levels of organization have 
taken the place of the old rigid atoms, 
the empty, featureless space, the static 
order of events, the mere positions 
without contextual reference. 

Similarly in biology there has been 
an increasing emphasis upon integral 
part-whole relationships, upon the idea 
of the organism, in which the whole in 
a sense is prior to and determines its 
parts; the idea of the ecological com- 
munity, in which organisms socially live 
and function ; and the idea of emergent 
stages in evolution, in which there are 
real creative syntheses and not mere 
additive resultants. Psychology has 
been slower in responding to formism, 
but even here there has been an increas- 
ing tendency (represented by many be- 
sides the gestalt psychologists) to think 
in terms of organic wholes and struc- 
tural relationships. Likewise in the 
social sciences there has been a general 
revolt against discrete individualism and 
a marked tendency to think in terms of 
interdependence. Modern history and 
anthropology, moreover, have made us 
aware that our competitive economic 
order is only one among many histori- 
cal systems, and that consequently our 
system is no more natural or immutable 
than very different cooperative systems, 
which similarly arise and perish. Every- 
where in science the old jSxed concepts 
and counters have broken down and a 
new world view is emerging. 

If we analyze what is involved in this 
world view, we find four essential propo- 
sitions. First, the universe exhibits a 
series of levels of increasing complexity 
and wider integration: electrons, atoms, 
molecules, simple cells, plants, aniraals, 
personalities, human communities. Sec- 
ond, there is a tendency for these levels 
to succeed each other in time, the more 
inclusive and complex levels emerging 
at a later stage of cosmic development ; 
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and hence reality is dynamic and evolu- 
tionary. Third, the integration also 
occurs as morphological envelopes in 
space : societies enveloping societies 
which in turn envelop societies. For 
example, the body envelops the organ, 
the organ the ceU, the cell the molecule, 
the molecule the atom, and the atom the 
electron. Fourth, each envelope and 
integrative level exhibits its own emer- 
gent qualities and laws. This means 
that every science has its distinctive 
methods and subject matter, correspond- 
ing to a certain level of emergence, so 
that it is a false reduction to maintain 
that sociology is ‘‘nothing but” psychol- 
ogy, or that psychology is “nothing but” 
physiology, or that physiology is “noth- 
ing but” chemistry, etc. 

It follows from these propositions that 
idealism — ^the theory that all reality is 
mental — is improbable, since mind ap- 
parently emerges out of, and is depen- 
dent upon, a high level of biological 
complexity. It also follows that any 
reductive mechanism or materialism — 
the theory that all reality is merely 
physical — must be rejected, since bio- 
logical, mental, and social qualities, with 
the values and purposes to be found at 
the higher levels, are quite as indefeas- 
ibly real, although not as widely dis- 
persed, as any chemical and physical 
processes. Thus both a leveling up and 
a leveling down interpretation of science 
and reality must be abandoned in favor 
of a theory of distinct^ graded, and pro- 
gressive levels. Finally, it follows that 
the world is to be interpreted in terms 
of a flexible organicism, since nature as 
a whole exhibits a nisus toward social 
organization. 

A possible objection to the above inter- 
pretation is that discrete mechanism 
never has existed in pure science, and 
that real scientists have always taken 
account of systematic wholes, interactive 
elements, and emergent characteristics. 
Professor Gustav Bergmann, one of the 


ablest of the logical positivists, for ex- 
ample, objects to “the exaggerated im- 
portance” that the gestalt psychologists 
such as Wertheimer attach to the idea 
that a composite effect is not the addi- 
tive sum of partial effects. He writes: 

What Wertheimer and his students so em- 
phatically assert is essentially this. If 
causes and causes Eg, then the simul- 
taneous occurrence of and does not as a 

rule cause the occurrence of and Eg. . . . 
To give an illustration which is drastic but, 
I believe, not unfair: a dog which has been 
appropriately trained runs away from his 
master when shown a stick and approaches a 
piece of food held out to him. If both stick 
and reward are shown to the animal, will it 
both fiee and approach his master? Obviously 
not, but whoever said it would? . . . There is 
never any a priori reason to assume that the 
joint effect will be the logical conjunction of 
the partial effects. If addivity is the name 
for such unjustified inference then all em- 
pirical laws, whether elementaristic or organ- 
ismic, are super additive, and the thesis fights 
a straw man (Holism, Historicism, and Emer- 
gence. Philosophy of Science, Vol. II, 217, 
October 194:4). 

Such criticism is extremely valuable 
in forcing scientists and philosophers 
more carefully to define their concepts, 
but it does not — nor was it intended to — 
disprove the fact that a fundamental 
shift in the ideology of science is occur- 
ring. I have already distinguished be- 
tween the ideology of science and the 
technical content of scientific laws. 
Granted that science in its laws has 
always taken account of the superaddi- 
tive composition of forces, it remains 
nonetheless true that ideologically we 
are shifting to a greater and greater 
emphasis upon form, pattern, creative 
synthesis, communal relationships, and 
total configurations. Even in its strictly 
technical content, science has been af- 
fected by, and has participated in, this 
shift. The insight that the influence of 
the whole must be kept in mind in order 
to explain the character and activity of 
any actual part has had an increasing 
effect upon both laymen and scientists, 
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and consequently sneh fictitions entities 
as rigid atoms and completely egoistic 
human beings have been banished to 
the limbo of superstition. The extent 
of this shift can be exaggerated, but the 
shift is indubitable. 

Many laymen and some few scientists, 
however, still interpret plant and animal 
life almost exclusively in terms of an 
individualistic struggle for survival. 
This tendency goes back to fundamental 
Darwinian concepts: ‘^chance varia- 
tion,’^ ^‘natural selection,” and sur- 
vival of the fittest.” One of the classic, 
although inaccurate, interpretations of 
Darwinism is Thomas Henry Huxley’s 
essay Evolution and Ethics, in which 
‘^the gladiatorial theory of existence” 
is presented in terrifying terms. The 
law of nature, he tells us, is ^‘ruthless 
self assertion,” the ‘‘thrusting aside or 
treading down of all competitors.” In 
this process, the strong and aggressive 
trample down the weak, and in this sense 
only do the “fit” survive. 

The ethical reactions to this theory 
differ according to individual predilec- 
tions. Huxley, for example, believed 
that man’s duty is to maintain, with 
lonely and pathetic idealism, a Pro- 
methean defiance of nature and of na- 
ture’s laws. “The progress of society,” 
he declared, “depends not on imitating 
the cosmic process, still less in running 
away from it, but in combatting it.” 
The more common view was that of 
Herbert Spencer, who argued that if 
human beings break with nature, nature 
will break them. Darwinian concepts, 
when applied to society, were almost 
always used to support individualism 
and predatory behavior ; to oppose social 
humanitarianism and to rationalize war, 
imperialism, and exploitative capitalism. 
Even in very recent years, the same 
point of view has been maintained by 
Oswald Spengler, with his theory that 
man is “a beast of prey,” and by the 
fascists, who adapted this doctrine to 


their own purposes. Hitler declared: 
“The whole of nature is a continuous 
struggle between strength and weakness, 
an eternal victory of the strong over the 
weak. . . . There is no humanitarianism 
but only an eternal struggle, a struggle 
which is the prerequisite for the devel- 
opment of all humanity” (Hitler 
Words, Washington: American Council 
on Public Affairs. 3-5. 1944). In 

less exaggerated form, the same doctrine 
has become part of the folklore of Amer- 
ican capitalism. “You can’t make the 
world all planned and soft,” says the 
typical businessman of Middletown. 
“The strongest and best survive — that’s 
the law of nature after all — always has 
been and always will be” (P. S. and 
H. M. Lynd. Middletown in Transition. 
500. New York. 1937). 

Since the time of Darwin, howevex’, a 
vast amount of evidence has been 
amassed to show that not only struggle 
but mutual aid is a major factor in evo- 
lution. A notable succession of books, 
such as Drummond’s Ascent of Man, 
Cresson’s UE space et son Serviteur, 
Kropotkin’s Mutual Aid, Thomson and 
Geddes’ Life: Outlines of General Biol- 
ogy, and Conklin’s The Direction of 
Human Evolution, have maintained that 
parental care, kin sympathy, altruism, 
and mutuality are potent factors in sur- 
vival and evolutionary development. 

In an article which reviews the evi- 
dence, Dr. W. C. Allee, a distinguished 
American biologist, concludes : 

The picture that emerges from the cumulative 
studies oa social biology is oae ia which co- 
operations and their opposite, disoperatioas, 
both exist. There are both egoistic and 
altruistic forces in nature, and both are im- 
portant. The question arises insistently as to 
which of these is the more fundamental and 
potent. . . . After much consideration, it ia 
my mature conclusion, contrary to Herbert 
Spencer, that the cooperative forces are bio- 
IcgicaUy the more important and vital. . . . 
Under many conditions, the cooperative forces 
lose. In the long run, howeve/, the group- 
centered, more altruistic, drives are slightly 
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stronger. If cooperation had not been the 
stronger force, the more complicated animals, 
whether arthropods or vertebrates, eonld not 
have evolved from the simpler ones, and there 
would have been no men to worry each other 
with their distressing and biologically foolish 
wars (Where Angels Fear to Tread. Sci- 
ence, 97, 521. 1943). 

Alice’s careful conclusion is fairly 
typical of the opinion of contemporary 
biologists, who regard the views of Hux- 
ley, Spencer, Spengler, and Hitler as a 
one-sided exaggeration and caricature of 
nature. At the 1940 meeting of the 
American Association for the Advance- 
ment of Science in Philadelphia, there 
was a symposium on ‘‘Science and 
Ethics” in which some of America’s 
most distinguished scientists, including 
a number of eminent biologists, agreed 
that human cooperation is a more impor- 
tant factor in survival than human com- 
petition. The more sophisticated biolo- 
gists, moreover, realize that the life of 
man in society, although it necessarily 
rests upon a biological foundation, exhib- 
its many cultural characteristics which 
cannot be reduced to merely biological 
terms. The direct study of human so- 
ciety by anthropologists and other social 
scientists has proven that “human na- 
ture” is remarkably plastic, and that 
the highly cooperative society of the 
Arapesh in New Guinea, for example, 
is quite as “natural” as the fiercely 
competitive society of their near neigh- 
bors, the Head-Hunters. 

In view of the newer trends in both 
the physical and biological sciences, we 
can say that our tendencies toward com- 
munity are as innate and as well founded 
in nature as any of our competitive 
drives; and that our problem is to keep 
competition in its proper place, direct- 
ing it toward worthy ends and sub- 
ordinating it to, or coordinating it with, 
the even more fundamental tendency to- 
ward organic and communal relation- 
ships. The most fruitful kind of com- 
petition, such as the friendly rivalry 


of scientists in the discovery of truth, 
is the sort that contributes to a common 
cause and that consequently is not an 
alternative to cooperation but an aspect 
of it. 

The change in the ideology of science 
is correlated with a very profound tran- 
sition in social thought and action. A 
new collectivistic order has been growing 
for many decades within the womb of 
the old order. "We can see the signs of 
this growth in the soeial-mindedness of 
various modern thinkers — ^for example, 
in far-seeing economists such as Veblen 
and Keynes, in adventurous sociologists 
such as Geddes and Mannheim, in influ- 
ential philosophers such as Dewey and 
Whitehead. We can see the same trend 
in the increasing emphasis upon plan- 
ning, organization, and social control in 
all of the social sciences. We can dis- 
cover the signs of transition, sometimes 
cruel and perverse, in the collectivist 
revolutions and political upheavals of 
the modern world. 

After considering recent scientific and 
social tendencies, the English biologist, 
Joseph Needham, declares: 

It may be that we are on the threshold of a 
long period, lasting perhaps for several cen- 
turies, in which the organic conception of the 
world will transform society, giving it a unity 
more comradely and equal than feudalism, but 
less chaotic and self-contradictory than the 
centuries of capitalist atomism (A Biologist 
View of Whitehead. In A. Schilpp, Ed., The 
Philosophy of Alfred North Whitehead. 251. 
Evanston. 1941). 

This very interesting sentence requires 
elucidation. Needham, I am sure, does 
not mean to imply that “the organic 
conception of the world” will, in and by 
itself, transform society. He elsewhere 
recognizes the decisive role played by 
economic causes in any such fundamen- 
tal change. He means that the “organic 
conception” prefigures and facilitates 
this profound alteration. 

Also he does not mean to imply that 
society is a giant organism, a kind of 
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monstrous leviathan with a sonl of its 
own. The term ^'organic’’ is so loaded 
with biological connotations that we 
must use it with extreme caution in con- 
necting it, as Needham does in this 
passage, with a human social organiza- 
tion. Society is to be conceived as an 
integrative structure the members of 
which are bound together by social rela- 
tions which determine their essential per- 
sonalities. Outside of these relations, 
they would be very dijfferent, if indeed 
they could even exist. Such ‘‘internal,’’ 
or essential, relations, as opposed to 
merely external and inessential, are 
often called “organic,” and there can 
be no valid objection to the term if the 
reader clearly understands that groups 
without being literally organisms may 
have a touch of the organic, some more 
and some less. 

If we are not to misunderstand Need- 
ham and to misinterpret the nature of 
the new scientific “world view,” we 
must recognize that “organic,” as he 
and I employ the term, must be under- 
stood in terms of different grades and 
types of unity. First, a part may be 
related to a whole in such a manner that 
its normal characteristics and activi- 
ties will remain virtually unchanged 
whether it is “in” its normal whole or 
not. An example of a part thus exter- 
nally related to its “whole” is provided 
by the archaic conception of a rigid, 
unimpregnable atom grouped with like 
atoms in the extrinsic, indifferent recep- 
tacle of space and time. Any such 
whole is a mere aggregate, and no one 
would call the functional and existential 
independence of its part an “organic” 
relationshp. Second, a part may be re- 
lated to a whole in such a manner that 
it undergoes an internal change, small 
or great, when it is isolated. Such 
functional dependence, which admits of 
infinite degrees from near independence 
to very close integration, can be called 
“organic” in the wide and sometimes 


metaphorical use of the term. Third, a 
part may be related to a whole in such 
a manner that it becomes quite unrecog- 
nizable, or cannot even exist, when iso- 
lated. This existential dependence can 
be called “organic” in the strictest sense 
of the term. Science is now recognizing 
that, although some wholes are mere 
heaps or collections in that they exhibit 
only the first type of unity, a vast num- 
ber of wholes, and indeed such funda- 
mental “kinds of things” as atoms, 
molecules, cells, organs, organisms, 
minds, and societies, can be fully de- 
scribed only in terms of the second 
and/or third types of unity. The in- 
creasing emphasis in science and philoso- 
phy upon functional and existential 
dependence constitutes a profound revo- 
lution in human thought; and it is this 
emphasis that I have in mind when I 
speak of the rise of “a new world view,” 
and that Needham has in mind when he 
speaks of “the organic conception of 
the world” that modern science and phi- 
losophy have given us. (C/. J. Need- 
ham. Integrative Levels : A Revaluation 
of the Idea of Progress. Mod.ern Quar- 
terly, Vol. I, 32~33, January 1938.) 

He is surely right in prophesying a 
revolutionary change in human thought 
and institutions. We seem to be in- 
volved in the most rapid and profound 
change that humanity has ever experi- 
enced. Some kind of new order, there- 
fore, is inevitable, whether for better or 
worse; but we can understand its neces- 
sities, appreciate its potentialities, and 
contribute to its values. If we are 
guided by understanding and motivated 
by good will, we can not only mitigate 
the cruelty of the transition but grad- 
ually build a humane and cooperative 
order. There is nothing, as we have 
seen, in our scientific understanding of 
man and his place in the universe that 
need discourage us in such an attempt. 
The ideal of a universal human fellow- 
ship is based upon the nature of things. 



506 


THE SCIENTIFIC MONTHLY 


Ip WE turn from the content to the 
method of science, we find that it in- 
volves, to employ the suggestive phrase 
of Josiah Eoyce, community of inter- 
pretation.’’ To understand what is 
meant by this phrase, it will be helpful 
to analyze the nature of ordinary 
thought. 

If we attend to any immediate object 
of awareness, to this patch of color, this 
rustle of leaves, this twinge of pain, it 
is always a particular and private 
datum: a different impression than ap- 
pears at any other moment or to any 
other man. As soon as we thinh about 
the object, however, we relate it to vari- 
ous other objects: we connect the im- 
mediately given with the non-given. 
‘‘This moment” is identifiable as this 
moment only because it stands in con- 
trast to a moment ago which I now re- 
member and the next moment which I 
anticipate. “This room” means “this” 
to me only because I think of some 
other room, and it means “room” to 
me only because I think of the house 
and of the fact that this is a room: an 
example of a class, a particular instance 
of a universal. To sever all such con- 
nections would be to render experience 
meaningless, to eliminate experience at 
the human level of insight. All our 
thinking, as Kant long ago demon- 
strated, is thus contextualistic : every 
object has meaning only through its 
social relations with other objects. 

The context within which an object ac- 
quires meaning, moreover, is not merely 
the individual’s private experience but 
the shared experience of a group of 
people. Despite the fact that individ- 
uals see objects in egocentric perspective, 
they interpret the objects as the “same” 
for all perceivers. At dinnertime, you 
and the other members of your family, 
for example, believe that you are in the 
same room and are eating at the same 
table, and the stubborn privacy of each 
of your immediate sensations does not 


prevent the subconscious creation of 
this community of interpretation. The 
ordinary objects of touch and sight and 
sound are regarded as essentially com- 
mon objects, the “same” for all who 
experience them, because all of us fit 
our experiences into the wider social 
context of group experience, interpreting 
our private data as “aspects” of a com- 
mon world. Without collating our ex- 
periences with those of others, we could 
engage in no conversation, no inter- 
course, no communication of any mean- 
ingful kind with other human beings. 

Without this social interchange and 
correlation of impressions, moreover, 
there can be no meaning attached to the 
“external world”: the environment in 
which we all move, breathe, and have our 
being. As Koyce pointed out, the only 
reason we have for supposing that the 
moon is not just a chimera of private 
perception, such as “the nonexistent 
color” seen by the color-blind person, 
is that others see the “same” bright disc 
and its effects : it is witnessed by the tes- 
timony of innumerable human beings 
and hence is part of the “real world.” 

Thus there is a close connection be- 
tween the quest for truth and the crea- 
tion of a community. This is the reason 
why, again and again in the history of 
human thought, the masters of truth 
have created a community of “seekers.” 
Pythagoras, Plato, Epicurus, J esus, Con- 
fucius, Buddha, Marx; these are only a 
few of the men that founded communi- 
ties for the cultivation of insight. An 
integral part of the “Socratic method,” 
for example, is inquiry in common 
among a group of men bound together 
by love of philosophy and love of each 
other. If it is no longer necessary for 
a modern thinker to create a community, 
it is because science and education as 
now organized are essentially communal : 
but the community of learning is as yet 
embryonic and needs to be nourished. 

Science is essentially a community of 
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interpretation when elaborated system- 
atically and critically. The effort of 
science is primarily to connect: it is con- 
cerned with the whence and the why 
and the whither of things; with the 
causal relations of an object with a great 
many other objects in the universe. In 
elaborating its web of cansal connec- 
tions, science makes nse of hypotheses 
which become established theories when 
verified. The degree of verification in- 
creases when the theory unites a greater 
number of relatively independent data, 
when it is, in this manner, both coherent 
and comprehensive. Newton’s mechan- 
ics gains immensely in cogency when it 
not only serves to unify the area of 
mechanics but the hitherto unrelated 
area of astronomy. Darwin’s theory of 
organic evolution similarly acquires 
strength when it not only unifies the 
data of paleontology but the previously 
independent data of embryology. Thus 
the method of science, like the method 
of common sense, is contextualistic: it 
always seeks to establish interdependence 
between hitherto independent data ; and 
it is a better theory if it does not sacrifice 
unity for diversity or diversity for 
unity. In this respect, science is like 
art : in both fields, greatness is the result 
of the most perfect reconciliation of 
^‘opposites”; unity and variety, parsi- 
mony and adequacy. The very struc- 
ture of science is a kind of organized 
"‘community” of facts : it is a form that 
is more inclusive without being less har- 
monious, a rich variety brought to a 
focus. 

This method of contextualistic inter- 
pretation always involves reference to 
the perceptions and judgments of others. 
Science is the coordination of facts, and 
the very meaning of a fact is that it can 
meet the test of social verification. The 
distinguishing mark of scientific theory, 
moreover, is its public character, the 
result of a process of abstraction, gen- 
eralization, and collective verification; 


because no belief has scientific validity 
so long as it remains private, the esoteric 
object of a single individuars perspec- 
tive. It must be transmitted and inter- 
preted to others and substantiated by 
them: it must be verified by stubborn 
and irreducible facts, admitted to be 
such by all qualified observers. It must, 
moreover, be consistent with established 
laws and theories, which in turn have 
been verified by scientists living and 
dead. 

Because of the social nature of scien- 
tific method, every scientist must sub- 
mit his personal observations and con- 
clusions to the scientific community. 
For example. Professor Charles S. 
Minot, a distinguished anatomist of the 
last generation, concluded a series of lec- 
tures with these words : 

I do not wish to close without a few words 
of warning explanation. For the views which 
I have presented before you in this series of 
lectures, I personally am chiefly responsible. 
Science consists in the discoveries made by 
individuals, afterwards confirmed and corre- 
lated by others, so that they lose their per- 
sonal character. You ought to know that the 
interpretations which I have offered you are 
stiU largely in the personal stage. Whether 
my colleagues will think that the body of con- 
ceptions wliich I have presented are fuUy jus- 
tified or not, I cannot venture to say (quoted 
by J. Eoyce. The ProMem of Christianity, Vol. 
11, 225. New York. 1913). 

This statement is the mark of a scien- 
tific man. 

Therefore science, like common sense, 
is essentially social in method: the dif- 
ference being that science involves a 
much more elaborate correlation and 
comparison of social perceptions and 
judgments: a collective historic process 
knitting together many generations of 
all races and nationalities. The members 
of the scientific community are nurtured 
in a common tradition of thought: they 
are joined together not by force or herd- 
mindedness but by a common interest: 
the capacity of each for original thought 
and invention is a source of enrichment 
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to all. Theso are the marks of a very 
high type of community. Such unity- 
in-diversity, transcending the barriers 
of race, nation, and class, is the very 
prototype of the ideal community: the 
worldwide voluntary fellowship of man- 
kind. 

The specialized and analytical char- 
acter of most contemporary science, how- 
ever, tends to counteract the communal- 
izing and integrating effect of scientific 
method. So prodigious has become the 
accumulation of scientific data and re- 
search that it requires innumerable 
digests, abstracts, indexes, bibliographies, 
and bibliographies of bibliographies 
merely to keep some record of the ever- 
increasing mass of specialized research. 
Since life is too short to master more 
than a tiny fraction of this material, 
each scientist is inclined toward an 
ever-narrower specialization. Learning 
*‘more and more about less and less,” 
he at last reaches the rather pitiful state 
of being unable to communicate with, or 
understand, his close professional col- 
leagues. His ‘‘research” is understood 
by only a few initiates and is abacadabx'a 
to all other scientists, not to mention 
the general public. Digging away in his 
narrow vein, he may penetrate ever 
deeper into the mine of knowledge but 
he never comes up to the surface, to the 
point of vantage for a general survey. 
If not all scientists are to be character- 
ized in these terms, at least far too many 
can be so described. 

In consequence, the fast accumulating 
mass of information remains an unco- 
ordinated aggregate, a chaos of “facts” 
rather than a unified body of culture. 
The layman, even more than the scien- 
tist, finds that the universe of knowledge 
has broken apart into a chaotic multi- 
verse. In books, magazines, newspapers, 
and radio broadcasts he receives in- 
numerable scraps of information about 
the nature of the world in which he 


lives; but the very multiplicity of facts 
that crowd in upon him serves to con- 
fuse him the more. His knowledge, in 
consequence, is as superficial and unco- 
ordinated as it is diversified. He can no 
longer simply fall back upon scripture 
and immemorial tradition : the problems 
that confront him are too new and com- 
plex thus to be resolved; the transition 
from an old world to a new has gone too 
far. Lacking the traditional anchorage 
and any fresh grasp of the inner coher- 
ence of reality, he is an easy convert to 
irrationalist and antisocial ideologies, 
such as anti-Semitism. If we are to 
escape such intellectual and moral an- 
archy, we must somehow diffuse among 
both scientists and laymen an under- 
standing of the ultimate and general 
frame of existence. Unless in thought 
we can master our world we shall not 
be able to control it. What is required, 
therefore, is a great work of synthesis 
and general education. 

• Maintaining that scientists must create 
“an orderly world mind” to supplant 
the present “world dementia,” H. G. 
Wells has suggested various devices to 
facilitate this task of synthesis. He has 
re-emphasized the importance of an in- 
ternational language, such as Esperanto 
or Basic English, which, like Latin in 
the Middle Ages, would serve as a basis 
for the free international exchange of 
ideas. He has proposed a World Ency- 
clopedia, not a mere mass of unrelated 
articles arranged in the specious order 
of the alphabet but a coherent expression 
of the spirit and best insight of the age. 
He has also suggested a great World In- 
stitute, which would prepare digests and 
syntheses based upon research and 
thinking everywhere and which would 
systematically serve as the “world’s 
memory.” Such an Institute would em- 
ploy the most modern methods for the 
recording and dissemination of informa- 
tion, as for example microphotography, 
which enables the contents of a large 
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library to be condensed in a small box 
and inexpensively to be reproduced in 
various parts of tbe world. 

Such proposals could prove extremely 
valuable, but less mechanical and more 
fundamental is a profound intellectual 
reorientation: ^'a unified approach to 
knowledge and life.” The conception 
of knowledge as an organic unity, ^‘a 
system consisting of parts, related to one 
another, and interpretative of one an- 
other and the unity of the whole,” must 
penetrate all the levels of science and 
education. (C/. L. Mumford. The Uni- 
fied Approach io Knowledge and Life, 
Stanford. 1941.) As a distinguished 
English physicist, J. D. Bernal, remarks, 
specialization has been carried so far 
that there is 

an enormous lag in tlie appreciation of the 
relevance of one field of science to another. 
For instance, chemists for a quarter of a cen- 
tury have failed to recognize that advances in 
physics and crystallography require not merely 
the revision but the complete recasting of the 
fundamental structure of their science, nor 
have the mathematicians appreciated the ex- 
traordinarily rich fields offered to them in the 
recent studies of the development of organ- 
isms. One effect of this is to hold back science 
just at those very places where its advance is 
most needed: the regions between recognized 
sciences {The Social Function of Science, 
114-115. New York. 1939). 

Already the interpenetration of the sci- 
ences, however, is being more fully rec- 
ognized, as for example in recent bio- 
chemistry, biophysics, psychosomatic 
medicine, social geography, and broad 
humanistic studies such as culture-his- 
tory. In consequence of this increasing 
appreciation of the unity of knowledge, 
a considerable number of educational 
institutions are abandoning the chaotic 
‘^elective system,” whereby bewildered 
students encounter a haphazard succes- 
sion of isolated ‘‘subjects,” and are sub- 
stituting an integrated curriculum. 

Although such cross-fertilization of 
the sciences and integration of educa- 
tional courses are extremely valuable, 


they must ultimately depend upon a 
comprehensive and dynamic synthesis. 
A detailed synthesis, as contrasted with 
the brief sketch which I have included 
in the present article, is very difficult 
to achieve. If we are to have a reliable 
‘ ‘ world view, ’ ’ the known universe must 
be “our oyster.” We must intellec- 
tually possess it; we must understand 
it entire. To achieve this grasp is the 
task of a Titan, beyond the compass of 
any living man. Aristotle in ancient 
Greece or Aquinas in the Middle Ages 
could sum up the total view, but the 
world as then understood was far more 
simple and synoptic. We must now rely 
not upon a single great interpreter but 
upon a community of interpreters. We 
must no more give up the search for 
unity of thought than did men in ancient 
times but we must realize that the task 
now devolves upon an organized band of 
truth seekers, supplementing and com- 
plementing and qualifying one another’s 
vision. 

Many scientists have cried out with 
alarm against the proposal that they 
work together in an organized way, as 
in large measure they have been doing 
in wartime. These protests, are pai'allel 
to the many attacks upon planning in 
the economic and political sphere. They 
are based upon the false premise that 
freedom is inconsistent with organiza- 
tion. The fact that this premise is false 
we can see from many ordinary activi- 
ties, such as a public dance, a baseball 
game, or an orchestral concert — ^from 
any cooperative activity in which order 
and individual expression are reconciled. 

There is danger, of course, that men 
of thought will be tragically constricted 
by the forms of social organization : 
certainly this has occurred to a terrify- 
ing degree in certain parts of the world. 
The remedy is not intellectual anarchy 
because it brings the very tyranny to 
which we object: the real remedy is the 
interpenetration of so-called opposites, 
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the achievement of free organization and 
organized freedom; not the buckling of 
minds to a preordained plan, but the 
creation of a plan by the free interac- 
tion of minds; in short, the attainment 
of a free community of interpretation. 
Such a community will not be achieved 
and preserved unless it is an integral 
objective of the plan. 'As Karl Mann- 
heim has pointed out, freedom in a 
planned society means freedom actually 
provided within the plan — ^the provision 
of mediums for the free expression and 
interaction of minds and for the demo- 
cratic ‘‘planning’’ of the planners — ^the 


guarantee that the community of inter- 
pretation will be free and democratic 
because it rests upon a community of 
persuasion. The task is not easy, but 
upon it depends the hope of the human 
race. 

I began with a note of pessimism. I 
end with a note of optimism. It seems 
unlikely that mankind could achieve the 
magnificent structure of science and yet 
could so wantonly misdirect it as to de- 
stroy the human race. The grandeur of 
the achievement is an earnest of its 
proper use. Yet salvation does not come 
easily, and the burden is laid upon us aU* 


THE ARGONAUTS 

All night the astronomers at their telescopes 
Explore the continents of the upper air, 

Pursue the Lion down the western slopes, 

Or up the east, in Aquila, Altair. 

All night they wander on the mountainous moon, 

And scale Copernicus or afar descry — 

Piercing the blazing, breathless lunar noon — 

The rim of Tycho sharp against the shy. 

0 epic journeys of the eye and mind 
Whereon these heroes of our time embark! 

They quit this earth and in the zenith find 
A Golden Fleece that frees us from the dark: 

Searching that center, that atomic core 

Which, once controlled, will make us kings, and more! 

Harold Lewis Cook 



WHERE ARE AMERICA’S RESEARCH 
RESOURCES? 


By ROBERT B. DOWNS 

UNIVERSITY OP ILLINOIS LIBRARY 


In his report to the President of July 
1945, Vannevar Bush, Director of the 
Office of Scientific Research and Devel- 
opment, states that adequate technical 
libraries are an indispensable tool for 
research workers.’’ The second World 
War emphasized Dr. Bnsh’s conclusion 
to a degree never before realized, as 
scientists drew heavily upon the world’s 
accumulated knowledge to furnish a 
basis for further research and progress. 
Scholars in the humanities and the social 
sciences have, of course, long recognized 
the fundamental importance of library 
facilities for their activities. The extent 
and distribution of American library 
resources, with which the present discus- 
sion is principally concerned, are there- 
fore of vital interest to investigators in 
every major field. 

For background purposes one might 
first look at library resources in general. 
Several years ago, in connection with a 
study of American union catalogs, a de- 
tailed statistical analysis was made of 
world book production from the begin- 
ning of printing through 1940. This 
work supplemented that of M. B. 
Iwinski, published in 1911. Iwinski 
calculated that to the end of the year 
1908 there were 10,378,365 books in ex- 
istence. This figure was based upon a 
careful examination of bibliographical 
and publication records. Unfortunately, 
statistics are lacking for certain coun- 
tries and for certain periods; for ex- 
ample, book production figures for China 
are unknown. Another difficulty is the 
lack of agreement between countries as 
to what constitutes a book. National 
statistics sometimes include, sometimes 
omit, pamphlets and other lesser mate- 


rials. Annual statistics compiled for 
the United States by the Pullishers^ 
Weekly are generally considered authori- 
tative but are approximately tripled by 
the United States Copyright Office’s re- 
ports. Government publications are ex- 
cluded from nearly all statistics of 
national book production, and in most 
countries, as in our own, the government 
printing office is by far the largest in- 
dividual publishing organization. 

These facts illustrate the difficulty of 
arriving at any acceptable figures. 
Taking the Iwinski estimate as a base, 
however, LeRoy C. Merritt, an investi- 
gator for the union catalog survey, car- 
ried the study forward. The determi- 
nation was reached that the total book 
production for those countries and those 
periods for which data are available is 
15,377,276 titles. The total is 5,000,000 
more than Iwinski counted through 
1008, and represents an average annual 
world book output of 156,000 titles dur- 
ing each of the 32 years from 1908 to 
1940. No claim is made for the com- 
plete accuracy of these figures, though 
they are the closest we have. It is 
astounding to observe that nearly one- 
third as many books were published in 
those 32 years as in the previous 450 
years. 

Assuming that approximately 15 mil- 
lion books can be accepted as the total 
number printed since the invention of 
printing, what proportion of the world’s 
literature is now held by American 
libraries? To ascertain this fact Mr. 
Merritt sampled the national- union 
catalog in the library of Congress, plus 
various regional union catalogs and the^ 
catalogs of about 100 large individual 
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libraries. On tbe basis of the sampling 
it was estimated there are 10,000,000 
separate titles in American libraries, or, 
in other words, copies of about two-thirds 
of all books in existence are now avail- 
able in the United States. 

Coming next to distribution, where 
are the materials for library research 
in the United States ? The distribution 
is extremely uneven, with the chief con- 
centrations of American library re- 
;sources to be found in the Northeast, 
the North-Central West, and the Pacific 
Southwest. By contrast the Southeast, 
Southwest, Pocky Mountain area, and 
Northwest are poorly equipped with re- 
search materials. A study of book distri- 
bution by states, which I made a decade 
ago, found the heaviest concentrations of 
books in New York, California, Massa- 
chusetts, and the District of Columbia, 
in that order, with Ohio, Illinois, and 
Pennsylvania trailing not far behind. 
The relative rank has remained un- 
changed. At the opposite end of the 
scale, the six states with fewest books 
are in the sparsely populated Northwest 
and Southwest, namely, North and South 
Dakota, Wyoming, Nevada, Idaho, and 
New Mexico. Near these are three 
Southern states, Arkansas, Florida, and 
Mississippi. 

Some revealing figures on book dis- 
tribution were supplied also by Louis 
P, Wilson. Dean Wilson found that 
there are 77 centers in the United 
States which contain, within a 50-mile 
radius, 500,000 volumes or more. Of 
these centers, New York, Washington, 
Boston, and Chicago possess the largest 
number of volumes. If a map of the 
United States were divided into four 
quarters, 57 of the 77 library centers 
would come within the Northeast quar- 
ter. A total of 113,000,000 volumes are 
concentrated there — about four and 
one-haK times more than the other 
three quarters combined. 

Another approach was made by W. 
W. Bishop, now Librarian-Emeritus of 


the University of Michigan, On the 
basis of their subject holdings, Dr. 
Bishop concluded that only three major 
collections of Americana in the form of 
books are to be found west of the Alle- 
gheny Mountains, and only two of the 
seven leading collections of English lit- 
erature are outside the Northeast. 

Wide publicity has been given by the 
American Library Association to a situa- 
tion in which 40 or 50 million people of 
the United States are without access to 
public libraries, and another 30 million 
have inadequate facilities. Much less 
has been said about the scarcity of ma- 
terials for advanced study and research 
in many parts of the country. The fact 
affects fewer people directly. Neverthe- 
less, it is highly significant from the 
point of view of the progress and devel- 
opment of those areas. Unfortunately, 
also, inequalities in the distribution of 
library resources tend to be perpetu- 
ated, Recent figures show that college 
and university libraries in well-equipped 
library areas are spending twice as much 
money, in proportion to population, as 
the college and university libraries of 
poorly supplied regions. The gap be- 
tween the two is therefore widening 
rather than narrowing — ^relatively the 
rich are getting richer and the poor are 
getting poorer, 

A MAJOR aspect of the subject of li- 
brary resources, and one which deserves 
separate consideration, is the distribu- 
tion of materials among different kinds 
of libraries. The student of American 
library resources soon becomes aware of 
the many types of libraries to be found 
in the United States and of their varying 
facilities for research purposes. 

Standing at the top of our system of 
libraries, from the point of view of ad- 
vanced study and research, are the uni- 
versity libraries. The most important 
and most obvious characteristic of a 
university, distinguishing it from other 
educational institutions, is its research 
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program. Naturally the library of the 
university is expected to support this 
program. Using quantitative standards 
only, 11 American university libraries 
now hold more than 1,000,000 volumes 
each. The largest, Harvard, possesses 
over 4,500,000 ; the second, Yale, nearly 
3,500,000 ; and Columbia and Illinois 
contain approximately 2,000,000 volumes 
each. In addition to these 11 major 
collections, there are 19 other university 
libraries with collections ranging from 
500,000 to 1,000,000 volumes. Perhaps 
20 more have resources that are signifi- 
cant from a research standpoint. In the 
United States we have, therefore, some 
50 university libraries whose collections 
are of considerable importance to the 
scholar and research worker. 

Closely related to the university li- 
brary, but of comparatively slight im- 
portance for advanced study and inves- 
tigation, is the college library. Few 
college libraries have the funds, the in- 
centive, or the need for developing such 
research materials as are found in the 
university. Some of them, however, 
have built up special collections of more 
than ordinary value. Especially is this 
true of the New England colleges such 
as Amherst, Bowdoin, Colby, Dartmouth, 
Wesleyan, and Wellesley. A few libra- 
ries elsewhere — Oberlin in Ohio and 
Claremont in California, for example — 
have done likewise. Research resources 
in collegiate libraries are usually limited, 
however, to one or two specialized fields, 
and there are probably not over 10 such 
institutions in the United States of genu- 
ine significance from the scholar’s point 
of view. 

Another large group, numerically, are 
the public libraries, found in every city 
and town of substantial size in the coun- 
try. Eight public libraries own over 
1,000,000 volumes each, and 16 others 
run from 500,000 to 1,000,000 volumes. 
With perhaps two exceptions, these are 
of far less importance than one would 
assume from their size. The principal 


reasons for this fact are that public 
libraries must serve the needs of large 
numbers of general readers, who require 
less specialized material than university 
professors and graduate students; and, 
second, the public library must do an 
excessive amount of duplicating for its 
branches and to meet the demands of the 
large clientele served. An instance of 
the result is the Chicago Public Library, 
which in 1939 was found to have 1,718,- 
867 volumes representing only 140,000 
titles. By comparison, the Ohio State 
University Library, owning 496,806 vol- 
umes — not much more than one-fourth 
as many as Chicago — ^had 330,927 titles, 
more than twice as many. The qualita- 
tive difference for research purposes, if 
measurable, would doubtless have been 
equally wide. 

The two exceptions to the statement 
about the research importance of public 
libraries are the New York and Boston 
public libraries, both quite untypical of 
the group. The New York Public Li- 
brary is one of the world’s great libra- 
ries, holding over 4,000,000 volumes and 
possessing rich collections in many fields. 
Similarly, the Boston Public Library has 
been growing over a long period, is well 
endowed, and has collections of major 
importance in a number of divisions. A 
few other public libraries have outstand- 
ing special collections, e.g., the White 
Folklore Collection in the Cleveland 
Public Library and the Burton Collec- 
tion of Midwestern History in the 
Detroit Public Library, Aside from a 
limited number of such instances, public 
library collections are only of local sig- 
nificance. 

A fourth group of considerable size 
are the state libraries. The first state 
libraries to be established in the United 
States were those of New Jersey and 
Pennsylvania in 1796. Subsequently, 
such libraries have been organized in 
every state. Many of the states have 
also set up library extension agencies, 
legislative reference libraries, state law 
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or supreme court libraries, state archives, 
and historical commissions. On the 
whole, state libraries have not lived up 
to the high expectations with which they 
were founded. It has been a common 
spectacle for them to be regarded as 
political plums, and, with a few notable 
exceptions, they have never had the 
jdaancial or other forms of support neces- 
sary for the development of important 
research collections. The chief types of 
material of a research nature usually 
held by state libraries are local news- 
papers and state public documents. By 
law, it is the general practice for these 
libraries to have the exchange privilege 
for publications of the state government, 
and they automatically acquire extensive 
collections of publications of other states. 
If there is a supreme court library, as is 
frequently the case, that institution is 
ordinarily given exchange rights for 
session laws and court reports, thereby 
accumulating sizable law collections. 

One of the important types of state 
agency is the organization to preserve 
archival records, known variously as the 
state department of archives, state his- 
torical commission, or state historical 
society. This division is given legal re- 
sponsibility for saving the state’s pri- 
mary records — executive, legislative, and 
judicial archives, historical manuscripts, 
and other nonpublished documents. 
From the viewpoint of state and local 
history, these collections have assumed 
increasing importance in recent years. 
Most of them, unfortunately, do not 
cover early periods adequately. Among 
the reasons is neglect ; until a generation 
ago in only a few states was there any 
genuine interest in preserving archives, 
and older records were frequently dis- 
carded as of no value. Another major 
cause of destruction has been the nu- 
merous fires which have burned down 
capital buildings in nearly every state, 
taking with them the accumulated official 
records. In the Southern states, some 


older files were lost during the Civil War 
years. 

In summary, the state libraries, state 
archives, and state law libraries are im- 
portant for a limited number of fields 
and types of material, chiefly for news- 
papers, public documents, law, and local 
history. They are not significant for 
research activities of a more comprehen- 
sive nature. 

A major group of libraries which 
have grown rapidly in the past genera- 
tion and are assuming increasing impor- 
tance in many fields are the libraries 
associated with the Federal government. 
Standing at the top of the system, of 
course, is the Library of Congress, hold- 
ing notable collections in many subjects, 
but especially outstanding for the social 
sciences, history, fine arts, and music. 
The Library of Congress is now the larg- 
est library in the world by a considerable 
margin. In addition to the national 
library, which the Library of Congress 
is for all practical purposes, virtually 
every government department and 
bureau has a library of its own pertain- 
ing to its specialized interests. Among 
these are some of the world’s leading 
libraries in their fields : the Army Medi- 
cal Library contains the largest collec- 
tion of medical literature in the world; 
the Office of Education has the largest 
collection on education; the Department 
of Agriculture, the largest agricultural 
collection; the Army War College, the 
second largest collection on military 
science ; the Geological Suryey, the larg- 
est geological collection in the United 
States ; the Labor Department, the most 
complete library in America on labor 
and social welfare ; and there are dozens 
of other federal libraries of similar rank 
connected with various branches of the 
government. Among the reasons for the 
rapid development of the Federal library 
system are the generous financial sup- 
port the libraries have received, their 
devotion to highly specialized fields, and 
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their favorable position as part of the 
national government. In exchanges with 
foreign countries, for example, the libra- 
ries in the governmental organization 
receive publications, as a rule, before any 
other institutions in the country. 

In addition to the types of libraries 
named previously, there exists a small but 
important group usually called ^‘refer- 
ence libraries,’^ privately endowed and 
controlled and not ordinarily affiliated 
with any educational institution. Two 
of the principal examples are in Chicago : 
the John Crerar Library, specializing in 
science, technology, and the social sci- 
ences ; and the Newberry Library, which 
is restricted to literature, history, and 
the arts. Famous examples in the East 
are the J. Pierpont Morgan Library in 
New York City, the John Carter Brown 
Library in Rhode Island, the American 
Antiquarian Society in Massachusetts, 
the Folger Shakespeare Library in 
Washington, and the Peabody Institute 
in Baltimore. Another great library of 
the type is the Huntington Library in 
California, rich in English literature, 
early printing, and other fields. None 
of these libraries is large relatively, but 
from the point of view of the rarity and 
value of their collections they rank at 
the top. 

A seventh category of libraries which 
have significant resources for research 
is a very heterogeneous lot. The term 
“special libraries’’ is generally applied 
to them. One of the largest divisions of 
this class is the libraries formed in con- 
nection with business and industry. 
Such libraries are usually gathered for 
the needs of persons actively engaged in 
the search for information useful in a 
business, a laboratory, a newspaper, etc. 
The whole emphasis is on current mate- 
rial and up-to-date information. Conse- 
quently, such libraries seldom contain 
much material of a historical nature, 
that is, the retrospective or background 
literature. They are therefore of lim- 


ited use to the scholar, regardless of the 
completeness of their files of recent pub- 
lications. Business and industrial libra- 
ries are mainly concentrated, naturally, 
in highly industrialized areas of the 
country. 

A second large division of special 
libraries are those owned by societies, 
associations, and similar organizations. 
In many cities, for example, bar asso- 
ciations have established law libraries, 
and medical associations have set up 
medical libraries for the use of their 
members. Some of these are among the 
foremost institutions of their kind,* in- 
stances are the Association of the Bar 
of the City of New York, one of the 
largest law libraries; the New York 
Medical Academy Library, the second 
largest medical collection in the United 
States; and the Engineering Societies 
Library, maintained by four national 
engineering societies, one of the coun- 
try’s leading engineering libraries. Hun- 
dreds of other examples could be cited, 
some of only local interest, others of 
national importance. Ordinarily these 
collections are highly specialized and 
are therefore of first-rate value to re- 
search workers in the fields covered. 

A final group of libraries which pos- 
sess resources for research are private 
collections. Some of the most valuable 
books and manuscripts in the country 
are in the hands of private collectors. It 
is extremely difficult, however, to obtain 
information about them, they are seldom 
available to outside users, and are con- 
stantly changing, being broken up, for 
example, by auctions, disposal of estates 
after the deaths of owners, or by trans- 
fer to public institutions. 

The eight types listed — ^university, col- 
lege, public, state, Federal, reference, spe- 
cial, and private — ^include all the note- 
worthy research libraries in the United 
States. Excluding the private collec- 
tions, whose number is legion, there are 
at least 12,000 libraries in the first seven 
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categories. Only a fraction of these, 
however, can be said to be of national 
importance for the scholar and research 
worker. Exactly how many is a debat- 
able point, depending npon the definition 
used. In my estimation, there are as a 
maximum, 250 libraries in the country 
holding collections of more than local 
or regional significance. Other estimates 
have generously stretched the number to 
500, far too high, and others have stated 
it to be around 50, probably too low. 

Up to this point, an attempt has been 
made to describe in broad terms the pres- 
ent status of American library resources. 
What of the future? Can we expect 
research libraries to continue to develop 
along traditional lines, or is there a like- 
lihood of radical changes? 

When microfilm came into general 
library use a decade ago, it was predicted 
by enthusiastic advocates that the new 
medium would revolutionize library 
methods, even leading us to discard the 
book in its orthodox form. Until now, 
it is hardly necessary to say, the prophe- 
cies have not been fulfilled, though 
microphotography has been accepted by 
librarians as an important auxiliary tool. 
More recently Fremont Rider’s provoca- 
tive and stimulating volume on micro- 
cards {The Scholar and the Future of 
the Research Library. New York: 
Hadham Press, 1944) has opened up vast 
prospects for the utilization of micro- 
print techniques for reproducing and 
storing research materials. Yannevar 
Bush carries these ideas a step further 
by proposing the ‘‘memex,” placing at 
the fingertips of the scholar and research 
worker whole libraries of microfilmed rec- 
ords, made instantly available by index- 
ing mechanisms. The coordinator of 
American scientists’ war efforts believes 
such a development is entirely feasible. 

Less sensational in nature, but con- 
sidered by many social-minded librarians 


as providing keys to a number of prob- 
lems, is another contemporary move- 
ment, namely, a wide program of library 
cooperation. Among the manifestations, 
some of which have achieved marked 
success, are : the growth of bibliographi- 
cal centers in Denver, Philadelphia, and 
Seattle ; establishment of dozens of union 
catalogs, ranging from local to national 
levels ; the growth of the interlibrary loan 
system j publication of numerous union 
lists and other records of library collec- 
tions; agreements between libraries for 
dividing fields of collecting, that is, ac- 
cepting certain fields for specialization; 
cooperative publishing enterprises, such 
as issuance of the Library of Congress 
catalog in book form ; surveys of library 
resources for advanced study and re- 
search ; plans for regional library devel- 
opment; central storage warehouses, co- 
operatively maintained by libraries; 
exchange systems for duplicates and 
other publications ; and cooperative cata- 
loging of material. 

Space is lacking here to discuss the 
library coopei*ative movement in detail. 
Such efforts as those listed originated 
through a widespread interest in in- 
creasing the availability of our biblio- 
graphical resources, and that is their 
primary reason for being. 

This discussion offers sufficient evi- 
dence to show the extent and variety of 
American library collections. These re- 
sources certainly exceed in quantity — 
and in many respects in quality — ^those 
of any other nation. We will continue 
to fall short of perfection, however, so 
long as one-third of all books in esdstence 
are not represented in the United States, 
or until we strengthen the research 
facilities of poorly equipped regions, or 
until we adopt further measures to speed 
the research worker’s access to his mate- 
rials. Without being overly optimistic, 
it can fairly be claimed that progress is 
being made in all these directions. 
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For over a hundred years men have 
been describing the ‘^coarse brown hair” 
of the American mastodon, and for over 
a hundred years the mastodon’s hide and 
hair have been regarded by textbook 
writers as irrefutable proof of its recent 
existence. In the midst of this constant 
repetition of what, through the sheer 
prestige of age, has come to be accepted 
as undeniable fact, it has never been 
pointed out that American institutions 
of science do not possess the tangible evi- 
dence which alone could justify such 
wholehearted faith in the exact appear- 
ance of this long-vanished beast. In ad- 
dition, it has not been sufficiently noted 
that the eyes of competent scientists have 
never beheld this phenomenal spectacle 
of remains surviving under completely 
adverse conditions. Furthermore, it has 
escaped attention that- in the one in- 
stance in which hair was apparently 
noted by a reputable scientist that same 
scientist dismissed it as illusory and 
satisfactorily explained it. 

It is true that some paleontologists 
have limited themselves to what they 
regard as a single reliable instance of 
hair preservation, but it is also true that 
with the passage of years one or two 
have quietly dropped the subject from 
their books. Nevertheless, the story per- 
sists and continues to be reprinted down 
to the present day. It has become, in 
fact, part of the folklore of paleonto- 
logical science, flourishing with renewed 
vigor because of existing archeological 
interest in the exact time of extinction 
of the American mastodons. 

Extenuating circumstances have ad- 
mittedly contributed to our gullibility. 
It is known, for example, that the sloth 
has left undoubted and unquestioned re- 


mains of hide, hair, and bits of cartilage 
in the insulating dust of the dry Amer- 
ican caves. Why, then, should the simi- 
lar early reports upon the mastodon, 
long extant in the literature, be ques- 
tioned? Like my colleagues in paleon- 
tology and archeology, I had accepted 
this impressively documented ‘‘fact” 
until quite recently. Then research on 
another subject happened to lead me 
back into the source material of the early 
nineteenth century. The results of this 
investigation have completely and thor- 
oughly convinced me that neither ^‘hide 
nor hair” of the American mastodon has 
been found under conditions which 
would justify belief in the authentic 
nature of such discoveries. Moreover, it 
is my considered judgment that there 
exists a completely adequate explanation 
of these finds — one partially supplied by 
a paleontologist of note — ^buried away in 
the literature and never adequately 
treated in the light of other, European, 
discoveries which were agitating the 
minds of naturalists during this period. 

To explore the reasons for assuming 
this iconoclastic attitude, it will be nec- 
essary to examine our subject in minute 
detail. Perhaps the best method of ap- 
proach will be to list all those finds 
where claims are made as to the survival 
of soft parts, including hair, of the 
American mastodon. Pew would claim 
validity for all, and, oddly enough, it 
will appear as our investigation pro- 
ceeds, that some, at least, of this mate- 
rial was more vigorously questioned in 
its own day than in modern times. 

To PURSUE certain of these early ac- 
counts back into the early nineteenth or 
late eighteenth century is a tedious and 
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difficult task. Some, though deriving 
ultimately from a single source, have 
been widely scattered through numerous 
secondary sources from which the ac- 
counts have found their way into mod- 
ern literature. Often the early refer- 
ences are vague, inadequate, or com- 
pletely lacking. As a result, some detec- 
tive skill has had to be exerted to dis- 
cover whether finds reported in two dif- 
ferent works actually were distinct dis- 
coveries or represented differing ac- 
counts of a single early find. The re- 
sults of these labors, which I think are 
reasonably complete, have yielded the 
following items. 

Eembrandt Peale, having given an ex- 
tended account of the excavation of the 
bones of what we now know to have been 
a mastodon from a bog near Newburgh, 
N. Y., goes on to comment: ‘‘The only 
instance of hair being found with the 
remains of this animal, occurred in a 
morass belonging to Mr. A. Golden in 
the neighborhood where this skeleton 
(the Peale mastodon) was found. The 
hair was coarse, long and brown, a large 
mass of it together, and so rotten that, 
after a few days’ exposure to the air, it 
fell into powder.” (This find is some- 
times directly ascribed to Peale ’s masto- 
don. It should be noted that it is dis- 
tinct from this find, and that Peale does 
not claim to have seen the hair in ques- 
tion, Curiously enough, the only other 
material associated with these remains 
was a mastodon tooth, according to the 
account given by Dr. J. G. Graham. It 
seems strange that this hair, recovered 
at a depth of four or five feet should 
have outlasted every other portion of the 
animal but a single tooth !) 

In 1805 Dr. B. S. Barton, writing of 
bones from Big Bone Lick, quotes from 
a letter written by John Bartram to 
James Logan. Bartram ’s letter gives an 
account of some “Shawanese” Indians 
who had brought to Pittsburgh an ele- 


phant tooth and a fragment of tusk of 
which they were attempting to dispose. 
Describing similar remains, the Indians 
mentioned a head with a long nose and 
a mouth on the underside. Though there 
are no data to show that the Indians spe- 
cifically mentioned soft parts, this item 
has been repeated as proof of the sur- 
vival of fleshy tissue about which the 
Indians could have known nothing. 

In the same journal a year or so later 
the discovery of mastodon remains in 
Wythe County, Va,, was reported by 
Barton. The information had been sup- 
plied him by Bishop James Madison, at 
that time president of William and Mary 
College in Virginia. This find, because 
of Bishop Madison’s prominence, was 
widely quoted, and numerous lengthy 
accounts of it are available. One of the 
best is that to be found in John God- 
man’s American Natural History, 

In brief, the Bishop claimed, on the 
authority of gentlemen whose veracity 
could be relied upon, that amidst the 
bones of the Wythe mastodon, the 
stomach, containing a large amount of 
half -digested food, was discovered in a 
perfect state of preservation. Neither 
the bones nor the “stomach” survive. 
Robert Bakewell, in the first American 
edition of his Introduction to Geology 
(New Haven. 1829) added mention of 
flesh to the original version. 

Another account, whose exact date I 
cannot verify, but which has been men- 
tioned by Howorth, Blainville, and Hay, 
describes the discovery of mastodon re- 
mains in Posey County, Ind., in the 
depths of a sixty-foot well. One of the 
“curators of the library” at Vincennes, 
Ind., stated that some skin and hair were 
found with the specimen. 

In 1839 there appeared in the Phila- 
delphia Presbyterian of January 12 an 
account of a mastodon discovery in Mis- 
souri. The account was unsigned, but it 
is known that Albert Koch was the au- 
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thor. I quote that section pertaining to 
the soft parts : 

Also between tbe rocks that had sunk through 
the ashes was found large pieces of skin, that 
appeared lilte fresh tanned sole leather strongly 
impregnated mth the ley from the ashes, and 
a great many of the sinews and arteries were 
plain to be seen on the earth and rocks, but in 
such a state as not to be moved, excepting in 
small pieces, the size of a hand which are now 
preserved in spirits. 

It may be added that thougb this animal 
was later disposed of in Europe, we 
hear nothing further of arteries, sinews, 
and hide. 

Following this time, fresh accounts of 
similar discoveries lapse out of the seri- 
ous literature of science, though the old 
ones continue to be handed down. Sub- 
sequent discoveries of bones were made, 
but, strangely, hide and hair discoveries 
are no longer made, the last attempt at 
that sort of thing being, perhaps, a find 
at Paw Paw, 111., recounted in 1914. 
Here, because of ‘‘certain streaks and 
mossy fibers,^’ the excavators assumed 
that their specimen {Elephas columbi) 
had been clothed with hair. 

Taken together, these accounts present 
a fairly formidable array of evidence, 
and it is easy to understand how they 
have been passed along through the text- 
books of science. Yet before beginning 
our analysis of these discoveries, it would 
be well to bear the following facts in 
mind: {!) No person of real scientific 
repute ever saw these remains. At best 
the accounts have been repeated or re- 
told by scientists. {2) The accounts pro- 
liferated during a period when the world 
of science was excited over the discovery 
of refrigerated remains of the mammoth 
Elephas primigenius in Siberia. This in- 
evitably biased Cuvier, whose works were 
widely read and quoted both here and 
abroad, toward the acceptance of such 
accounts from the New World. (3) The 
stories are old. Though mastodon re- 
mains are still found in bog deposits in 


the Eastern United States, many years 
have passed since anyone has claimed the 
discovery of mastodon hair under such 
peculiar circumstances. This suggests, 
obviously, that a certain naive credulity 
and nationalistic enthusiasm have quietly 
faded out of American biology. A closer 
analysis will reveal these facts with 
greater clarity. 

In analyzing these early reports it will 
be well to treat the more easily disposed 
of discoveries first and reserve the find 
at Golden’s farm till the last. Golden’s 
discovery is early enough to escape the 
charge of deliberate faking which can be 
leveled against certain later accounts. 
Second, it concerns the hair of the mas- 
todon and more or less sets a pattern for 
later stories. In addition, it is the only 
find accepted as valid by some writers. 
If we can show cause for rejecting this 
particular discovery, the strongest link 
in the chain of accounts purporting to 
demonstrate the survival of hide and 
hair of the American mastodon will have 
been destroyed. No one has reason to at- 
tribute this find to attempts at conscious 
deception. Its 1800 dating is too early 
to have been influenced by European ac- 
counts of the hairy mammoth. The same 
cannot be said for certain later dis- 
coveries. 

Much has been made of the Shawnee 
Indian account of a head with a long 
nose. It has been pointed out that the 
Indians, unacquainted with the Probos- 
cidea in life, would have been incapable 
of imagining this feature of elephant 
anatomy unless it had, in reality, been 
observed in the flesh. (This view has 
also been expressed in regard to certain 
Indian legends I have discussed else- 
where.) Actually a perfectly rational 
explanation on other grounds is possible. 

It is to be noted that the Shawnee 
spoke merely of a long nose. They did 
not say how long nor did they give any 
details or even claim it to have been of 
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fleshy consistency. If one does not allow 
preconceptions about elephant trunks to 
obscure the issue but, instead, considers 
the appearance of both mastodon and 
mammoth skulls as they would appear to 
the untutored eye when the tusks had 
dropped from their sockets, a simple in- 
terpretation of the Indian story becomes 
apparent. If one turns to a good photo- 
graph or drawing of the mammoth or 
mastodon skull as presented, say, in Os- 
bornes Age of Mammals or the full-page 
plate in Warren ’s Mastodon Oiganteus, 
it can be seen that the most reasonable 
Yiew that one untutored in paleontology 
could adopt would be that the empty 
protruding twin tusk sockets overhang- 
ing the anterior portion of the mouth 
were nasal cavities. In comparison with 
ordinary animals they would constitute, 
even in the unfleshed skull, a ^'long 
nose.'^ No amount of writing can dem- 
onstrate this as clearly as a reference to 
a good anatomical plate. 

The Wythe County, Va., find, also re- 
corded by Barton, was challenged and 
dismissed in its ovm day by several com- 
petent naturalists. Yet, perhaps because 
the details were supplied by a church- 
man of high standing and because cor- 
rections of error never receive as wide 
publicity as the original statements, this 
find is still occasionally referred to as 
valid. 

Whether or not the account of the 
contents of the animars stomach as be- 
ing present is true need not concern us 
greatly. Twigs and similar plant re- 
mains may survive for long periods 
under bog conditions. In the light of 
the general inaccuracies accompanying 
the account, however, it is by no means 
unlikely that even this item is the result 
of misinterpretation of materials in the 
stratum where the animal lay. Our real 
concern is with the report that the 
stomach itself was present. Considering 
the fact that all the other soft parts had 
vanished — cartilage, hair, and hide — this 


preservation of so delicate an organ as 
the stomach ceases to be merely possible ; 
it takes on an aspect of the miraculous. 
Nor was it long before the discovery was 
challenged. 

A very competent and astute, though 
anonymous, reviewer treated the whole 
subject with vigor and thoroughness dur- 
ing the course of a review of the first 
American edition of Robert Bake well’s 
Introduction to Geology. Bakewell had 
collected and repeated in a rather un- 
critical fashion, stories of the type we 
have been examining. Some were ob- 
tained from Cuvier’s Ossemens Fossiles, 
Cuvier himself being also somewhat 
credulous about items received from far- 
away America. Portions of this anony- 
mous review are worth reproducing here : 

... we should not any the sooner believe that 
this was a stomach and that its possessor died 
in the act of digesting its foodj still less that it 
belonged to the mastodon itself whose bones lay 
around. The idea of the stomach enduring the 
destroying action of long inhumation, which no 
other parts except the bones could withstand, 
not even the integument, cartilage nor tendon 
seems really too ridiculous to have ever been 
seriously related. . . . 

We are sorry to see such things in a work 
of this kind, many of the readers of which may 
be incapable of investigating the subjects them- 
selves, and the wrong impressions which they 
get may not soon be corrected. We know not 
how it is, but really, naturalists over sea have 
the luck of knowing a great deal about the 
mastodon that we never dreamt of here. 

Even prior to this critique, however, 
Dr. John Godman had given an extended 
account of the Wythe County find and 
recorded the fact that Bishop Madison 
later tried to correct the impression 
made by his ealier statement ^^acknowl- 
edging that his information was inac- 
curate, and his conclusions too hastily 
adopted.” The find was also dismissed 
by James Hall, the great nineteenth-cen- 
tury geologist, as ‘'altogether fabulous.” 
Since, in spite of refutations, the story 
continues to float through the literature, 
let us finally reiterate: the supposed 
stomach does not survive; the bishop 
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who had the story from gentlemen who 
remain anonymous recanted’’ from his 
previous position. Probably it is through 
the medium of Ossemens Fossiles, which 
ran through several editions, that certain 
of these stories have gained such cur- 
rency in scientific circles that there is a 
continued tendency to accept them, with 
scant realization that they were chal- 
lenged successfully even in their own 
day. 

Before passing on to a discussion of 
the remaining finds, note should be made 
of factors which, both here and abroad, 
were contributing to a more credulous 
attitude on the part of public and sci- 
entists alike toward the sort of discov- 
eries we have been discussing. The dis- 
covery of fossil elephants in the New 
World had greatly stimulated the birth 
^throes of the young science of paleon- 
tology. A cluster of great names — 
Buff on, Cuvier, Jefferson — ^had focused 
attention upon the subject. Collections 
of fossil bones were gathered up, ex- 
hibited in private museums for a fee, 
and then taken abroad for exploitation. 
The great public museum of today did 
not exist. To maintain interest, the own- 
ers of such collections did not hesitate 
to embellish their more exciting speci- 
mens by appropriate and judicious use 
of items that would lend human interest. 
It is in such a light that we have to con- 
sider the discoveries and publications of 
such men as Albert Koch. 

A find which immensely stimulated 
popular interest in fossil elephants and 
played directly into the hands of some 
of the less scrupulous collectors in Amer- 
ica was the discovery of refrigerated 
mammoth remains in Siberia in 1799. 
There are earlier accounts of such re- 
mains in the literature, but this was the 
first find actually to reach a museum. 
Many pounds of hair were obtained 
which eventually reached a number of 
the European institutions. The first ac- 


counts appeared in 1807, and thereafter 
the news was widely disseminated and 
soon known in Prance, England, and 
America. A precedent had been estab- 
lished — a precedent for the discovery of 
elephant hide and hair in the New 
World. Moreover, the European schol- 
ars, such as Cuvier, were more inclined 
as a consequence to credit these tales 
when they appeared in a New World 
setting. The American Barnums who 
lived upon public interest were quick 
to see that such discoveries of hide and 
hair were a great stimulant to the popu- 
lar imagination. It is in this light that 
we must consider the activities of Albert 
Koch. He was a public showman, and 
in spite of one or two attempts to clothe 
him in the tatters of scientific regalia, his 
career is not such as to justify confidence 
in his word upon the more spectacular 
phenomena of paleontology. There is 
more than a little imaginative literary 
flair in the account of ‘^sinews and 
arteries . . . plain to be seen on the earth 
and rocks, but in such a state as not to 
be moved. ...” 

George Gaylord Simpson, who has 
made the most intensive study in exist- 
ence of the beginnings of vertebrate 
paleontology in America, dismisses Koch 
with the incisive comment; “Koch’s data 
and publications have little scientific 
value and hardly merit mention . . . 
unless possibly as comic relief.” He 
is similarly castigated by Digby. The 
bones secured by Koch at his sites were 
exhibited in Europe in 1842 and later 
sold to European museums. Perhaps 
the best commentary on the whole affair 
lies in the fact that though the European 
museums had eagerly acquired mammoth 
hair from Siberia and would doubtless 
have been similarly anxious to acquire 
Koch’s specimens, /‘preserved in spir- 
its,” we hear no more of the arteries, 
sinews, and skin fragments. They were 
the evanescent products of imagination 
— ^no more — ^yet Koch’s appetite for such 
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creations is transparently indicative of 
the journalistic tastes of a vanished era. 

The minor items which remain to be 
considered before turning back to the 
discovery on Golden’s farm are not of a 
significant character. The find at Posey, 
Ind., of mastodon hide and hair in the 
depths of a sixty-foot well, the details 
vaguely given on the authority of ‘'one 
of the curators of the library,” has about 
the validity of common gossip. The 
material is not preserved, and it has 
been noted by the paleontologist Hay 
that a well of the depth given would in 
that region carry the remains into Iowan 
loess or Wisconsin drift, depending upon 
the location. This can be then, no argu- 
ment for recency, but even under geo- 
logical conditions of a more modern 
order, this vague tale, incapable of sub- 
stantiation, is scarcely worth the effort 
to refute. 

The 1914 discovery at Paw Paw, 111., 
is obviously a case of confusing moss 
with hair — ^something any untutored ex- 
cavator is apt to do. 

We come now to the most important 
discovery of all — ^the find on Golden’s 
farm. This discovery has been thought 
to answer requirements not met by the 
other more obscure and questionable 
tales. Alexander Golden was a simple 
farmer, not a showman like Koch. His 
discovery was reported by a gentleman 
country doctor with only the purest of 
scientific motives at heart — a man who 
stood to gain nothing by his account and 
who immediately lapses back again into 
rural obscurity, leaving no line in the 
histories of science. Yet he says: “In 
Orange County near Montgomery, New 
York a tooth (one of the grinders) and 
some hair, about three inches long were 
found by Mr. Alexander Golden four or 
five feet below the surface.” 

Hr. James Graham wrote these lines in 
1800. He did not know of the discovery 
of frozen mammoth remains in Siberia. 


Yet he and Peale speak of the coarse 
brown hair which is later to grow so 
common in the literature and be de- 
scribed as dun-colored. Their reports 
are not to be dismissed as in the case of 
Koch. These men saw something, found 
something. On this point hinges the 
whole defense for the complete recency 
of the American mastodon. What was 
it that lay in the gloomy peat swamps 
of the New York woodlands which, when 
found, set men to talking of a beast van- 
ished so recently he might almost have 
seen the Puritans land? It was, of 
course, hair — ^hair of the mastodon — ^the 
hair that is pictured in every restora- 
tion on museum walls. Prom that day 
to this no one has been able seriously to 
challenge the existence of that hair — ^no 
one, that is, but one man. He found the 
answer and promptly buried it again in 
the depths of a huge geological report. 

James Hall was one of the first really 
scientific geologists America produced. 
He was an authority on the Paleozoic 
System of North America and probably 
one of the first men in America really 
experienced enough to pass an objective 
judgment on that queer brown hair 
from the backwood swamps. In a huge 
volume on the geology of New York 
State Hall ventured, in his typically 
restrained and quiet manner, a comment 
on a site of similar implications. In 
1843 he wrote: 

In a small muck swamp in Stafford, G-enesee 
County, a small molar tootk was found several 
years since. Its situation was beneath the 
muck, and upon a deposit of clay and sand. 
A large quantity of hair-like confervae, of a 
dun brown color, occurs in this locality j and 
so much does it resemble hair, that a close 
examination is required to satisfy one's self 
of its true nature. 

The circumstances of this discovery 
are remarkably like those of a half-cen- 
tury before on Golden’s farm. A soli- 
tary tooth is the only mastodon evidence ; 
the entire body has disappeared, yet the 
hair remains. Furthermore, here again 
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is tlie dun-brown color. But this time a 
careful, trained scholar looks at it 
closely. It is eonfervae — stringy tough 
strands of algae from the New York 
swamps, and algae with a tendency to 
turn dun brown I 

If James Hall had written out a dis- 
cussion of the whole problem, it is prob- 
able we would not be arguing this point 
today. Hall, however, was engaged on 
weightier tasks. He had the whole geol- 
ogy of New York State on his hands. 
He recorded his own particular site and 
he settled its position in the literature 
once for all — it was never listed as an- 
other hair discovery I But once that was 
done, he forgot it in the immensities of 
his many volumes. He never turned to 
the subject again. He never discussed 
Golden’s discovery. But Golden’s find, 
through the medium of Dr. Graham’s 
words, continues to pass down through 
the literature. 

One other faint bit of light flickers 
upon Golden’s swamp for a moment and 
aids in substantiating the judgment de- 
rived from Hall. Godman gives an ac- 
count of a mastodon find in Orange 
Gounty, N. Y., in 1817. The bones were 
found four feet below the surface of the 
peat, surrounded with ^ ‘ coarse vegetable 
stems and . . . broken films of eon- 
fervae, like those of the Atlantic shore.” 

Professor S. L. Mitchell, the geologist, 
explored the site, recognized the eon- 
fervae. The statement is made that the 
site had been worked some ten or more 
years previously. This would carry its 
dating approximately into the time the 
Golden farm discovery was made. It is 
possible that the site represented is the 
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same. But at any rate we have brought 
into the very neighborhood of Golden’s 
discovery, the demonstrated existence of 
filamentous eonfervae and shown it to 
be present at the levels from which the 
Golden discovery came, Alexander Gol- 
den, farmer, and James Graham, physi- 
cian, were mistaken in what they thought 
was mastodon hair. But mistaken with 
them have been a large number of later 
scientists of better training who, partly 
influenced by Siberian discoveries, had 
come to accept the idea that finds of this 
sort might naturally be expected. The 
anatomist Warren, for example, is found 
using the Eussian material as evidence 
that hair can be preserved in America. 
He skirts, however, the difference in 
latitude involved. 

There remains, then, from all the 
spectacular stories of the hide and flesh 
of the American mastodon only a faint 
swamp effluvium, perhaps a hint of lin- 
gering bone marrow or the organic mat- 
ter of the bones themselves in the encas- 
ing muck of ancient bogs. And even 
these faint smells are probably more sug- 
gestive of the general organic composi- 
tion of the muck itself than of the bones. 
Nevertheless, we may record this type 
of organic survival as possible. But 
whatever the antiquity of the American 
mastodon, it is safe to say that ‘^nor 
hide nor hair” of him remains. We 
assume that he may have been clothed 
with hair like his brother, the mammoth, 
but the dun brown in which he has mas- 
queraded these many years is that of 
drying algae. It is not the coat of the 
vanished mastodon, nor does it prove his 
near-colonial survival. 
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IMPROBABILITY 

One ultramicroeasmie mote of dust 
Among unnumbered cosmic galaxies 
And one colloidal spawn from ancient seas, 

One transient form from millions upward thrust 
To last a twink, then sink into the crust 
Of earth inanimate: what phantasies, 

What paranoid and crass audacities, 

For this minuscule midge to feel he must 

Somehow endure, be central to some Plan, 

The End for which the macrocosmic Whole 
Was made . . . Dreamer and dunce, thy name is Man! 
Life on the stars? — a doubtful guess, a droll 
Desire; life after death? — a dubious hope 
Born in the dark where humans blindly grope. 

Read Bain, 1946 . 



RESEARCH ON AGRICULTURAL PRODUCTS" 

By T. L. SWENSON 
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Agriculture in the broad sense may 
be defined as the science and art of pro- 
ducing plants and animals — that is, liv- 
ing systems — including vegetables, fruits, 
cereals, animals, and fiber crops. In 
other words, we are dealing with com- 
plete biological entities produced as a 
result of the intricate vital processes of 
reproduction and growth. When we con- 
duct research on any phase of agricul- 
ture we are dealing with the phenomena 
of complicated living systems. Particu- 
larly when we attempt, by research, to 
understand and modify those systems 
and to adapt them to economic uses do 
we find their physical and chemical char- 
acteristics both interesting and complex. 

Two examples of research in the West- 
ern Regional Laboratory will serve to 
illustrate the use of basic knowledge in 
the scientist’s attempt to make something 
new and useful. I will first outline as 
briefly as possible the theoretical aspects 
of the work in each case and then show 
how the fundamental facts and theories 
are applied in a practical manner. One 
example is essentially biochemical; the 
other is essentially biophysical. The 
material for the former was supplied by 
H. P. Lundgren and for the latter by 

T. M. Shaw, who are engaged in research 
in those respective fields in the Western 
Regional Research Laboratory. 

Approach to New Protein Fibers. The 
first example is concerned with one phase 
of our work on proteins, the chief objec- 
tive of which is the production of fibers. 

1 Presented before the Utah State Oliapter of 
Sigma Xi, March 1945. 

2 Bureau of Agricultural and Industrial Chem- 
istry, Agricultural Research Administration, 

U. S. Department of Agriculture. 


Proteins are nitrogenous organic com- 
pounds with large, complex molecules. 
They are found in both vegetable and 
animal matter. Structurally, they be- 
long to the important class of substances 
whose molecules consist of long chains 
formed by the union of certain atoms in 
amino acids; the result is a backbone 
structure of carbon and nitrogen atoms, 
to which amino acid residues are attached 
as side chains. These chains have two 
important properties. First, since atoms 
can rotate around single bonds, the 
chains can curl and fold up into a wide 
variety of configurations, and, second, 
since active groups are present on the 
side chains, the chains can interact. 
Such interaction can occur between seg- 
ments of the same chain and between 
different chains. These properties, ac- 
cording to present theory, determine the 
state in which proteins are found in 
natural substances. For example, the 
chains may be held folded in the form of 
small corpuscles, as in the vegetable, egg, 
and blood proteins, or they may be found 
in extended forms, as in feathers, hides, 
hoofs, horns, wool, and silk. Now if it is 
possible to liberate these chains from 
their natural confinements and to pre- 
serve, of course, their long-chain struc- 
ture, it may be possible to reconstruct 
them into fibers and films having desira- 
ble physical properties. 

The properties of curling and inter- 
action of chains are of practical impor- 
tance and constitute the basis of the 
essential physical properties of rubbers, 
films, fibers, and plastics. Figure 1 
shows a comparison of three types of long 
chains: the rubber chains, built up of 
units called isoprene units ; the chains in 
525 
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PIG. 2. THEORY OP REORIENTATION OP CHAINS 
nylon, made by condensation of dibasic teins. The so-called salt linkage occurs 


acids with diamines; and the protein 
chains, built from amino acids. Because 
the chains of soft rubber lack the ability 
to form inflexible unions, the material 
exhibits a high degree of flexibility — 
that is, curling and uncurling. When 
sulfur is introduced by the process com- 
monly known as vulcanization, the chains 
become firmly tied together until, with 
sufficient sulfur, a hornlike plastic, or 
''hard rubber,^' is obtained. The pro- 
teins, too, contain sulfur, which in horn, 
hoof, feathers, and wool serves to tie the 
chains firmly together. Another type of 
linkage that may occur between chains 
is the so-called hydrogen bond, which is 
responsible for the strength of nylon and 
also that of rayon and cotton and seems 
to occur to a certain extent in the pro- 


in proteins because there are both acidic 
and basic groups on the side chains along 
the backbone structure. 

Information such as this is the basis 
for all fundamental work. In other 
words, the more detailed the information 
we have about a given material, the 
better are our chances of discovering new 
uses for it. As we have seen, the long- 
chain molecules form the basis for the 
essential physical properties of rubber, 
films, fibers, and plasties. Figure 2 sug- 
gests the structural transformations in- 
volved in the making of synthetic fibers 
from proteins. The main object is to 
liberate the chains from their natural 
confinements and to reconstruct them in 
endless chains tied together by strong 
crosslinks. With a corpuscular protein 
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as starting material, it is first necessary 
to break the bonds holding it in the 
folded configuration; with the fibrous 
proteins, such as feathers, the chains are 
already in an extended state and are held 
in three-dimensional networks. Obvi- 
ously, any method of dispersion that in- 
volves the use of such agents as strong 
acids or bases must be avoided; if such 
agents were used, the chains might be- 
come degraded, and the ultimate proper- 
ties of the fibers would be weakened. 

The first step in the modification of a 
protein is its dispersion — ^that is, sepa- 
ration of its molecular chains in a solu- 
tion. From there on, the process of 
making the fiber is essentially a duplica- 
tion of the process used by the silkworm. 
The silk in the caterpillar is in the form 
of a viscous solution, consisting of the 
free protein chains. Upon extrusion 
through the small spinneret openings of 
the worm, the material congeals, the 
chains interact, and the fiber becomes at 
first highly elastic and rubber-like. The 
worm stretches the fiber as it spins, and 
the result is an alignment of the chain 
molecules, with further interaction. 
X-ray measurements show that the mo- 
lecular chains in the fiber are aligned in 
the direction of the fiber axis; this con- 
dition permits maximum interaction of 
chains and high strength. 

Various attempts to make fibers from 
proteins have been made during the past 
fifty years, some of which have succeeded 
within rather narrow limitations. Most 
of these attempts have been based on the 
solubility of proteins in alkalies and 
their insolubility in acids. Commercial 
casein and soybean fibers are now made 
by a procedure based on this fact, but 
they lack the strength of natural protein 
fibers such as wool and silk. Either the 
molecular chains in these proteins are 
not long enough, or else they become 
degraded in the procedure used in their 
manipulation. 

Another approach to the making of 


fibers from protein is being studied at 
our laboratory. This method involves 
the use of special agents that are mild 
and that react with the protein to form 
a complex that is readily manipulated 
from a viscous solution to a rubber-like 
state and then to a fiber. Finally the 
agent is recovered, leaving the chains 
aligned in the direction of their length. 

Agents that have been found most 
effective in our laboratory are certain 
synthetic detergents (widely used as 
cleansing solvents). S3Uithetic deter- 
gents are in general excellent solvents 
for protein. They will disperse feathers, 
wool, and hair in the presence of reduc- 
ing agents (which prevent oxidation) 
and will disperse and unfold corpuscular 
proteins. Highly technical studies have 
shown that they form what we call ‘‘com- 
plexes^’ with the protein. These com- 
plexes form by virtue of the fact that all 
proteins have free basic and acidic 
groups along the chains which can react 
with an anionic or a cationic detergent 
to form salts. Accordingly, the first 
stage in the reaction between protein and 
detergent is stoichiometric; that is, the 
reaction involves one detergent ion for 
each basic or acidic group of the protein. 
When the stoichiometric reaction is com- 
plete, additional detergent ions can be 
attached along the unfolded protein 
chain. Under such conditions and in 
the presence of water, the protein chains 
can slip past one another easily. These 
complexes are readily precipitable by the 
use of salt, and the result is a rubber-like 
precipitate that can be stretched into a 
fiber. The spinning and stretching cause 
the alignment of the chains that is char- 
acteristic of natural fibers. Following 
this step, the detergent can be recovered 
with acetone. 

This outline of the procedure which 
our protein chemists have developed 
shows that we do approach practical 
problems through knowledge of funda- 
mental properties of our materials. 



EESEAECH ON AGEICULTUEAL PEODUCTS 


529 


From information gained through the 
use of highly specialized physical and 
chemical techniques, we are approaching 
the time when it will be possible to pre- 
dict whether or not a protein, or for that 
matter any other long-chain system, will 
be suitable as a raw material for fibers, 
plastics, rubber, or films. 

Eecent developments in long-chain 
chemistry have opened new vistas to the 
scientific mind; new fibers, which vary 
widely and have many useful properties, 
are within the range of possibility. We 
need only to look, for example, at rayon 
and nylon to see the possibilities that 
exist when appropriate means are avail- 
able for the manipulation of long-chain 
molecules. We have rayon, nylon, vin- 
yon, and glass fibers, but each has its 
own characteristic properties. Similarly, 
we have the natural fibers — each well 
adapted to certain uses. And we are 
attracted by the possibility of the dis- 
covery of artificial protein fibers that 
have new and special properties not 
found in any other fibers. 

Theory of Dielectric Constants, The 
next example is concerned with a prob- 
lem in biophysics, and it involves the 
theory of dielectric constants. Indus- 
trial research leans heavily on modern 
physics for new methods and tools in 
research. Among the more prominent 
physical tools the X-ray diffraction 
camera, the spectroscope, and the dielec- 
tric cell may be listed. The numerous 
applications of the X-ray camera and 
the spectroscope are widely known. The 
dielectric cell is not, however, so well 
known, and I shall review very briefly 
its theory and discuss some of its contri- 
butions and potential uses. The dielec- 
tric cell becomes an old friend of most 
of us when introduced by its more com- 
mon name condenser.'^ Benjamin 
Franklin’s famous Leyden jar of the 
lightning experiment was one of the 
earliest forms of condenser, or dielectric 


cell. In Figure 3 a Leyden jar is com- 
pared with a modern dielectric cell for 
liquid dielectrics. Both condensers con- 
tain the same basic elements, namely,, 
two conductors and an insulating mate- 
rial called the ''dielectric.” Both cells 
store electrical energy, and this property, 
known as "capacitance,” can easily be 
demonstrated by a simple experiment: 
first, we can charge the condenser by 
connecting the conductors to a battery ; 
and, second, upon removal of the battery 
and short-circuiting the conductors, we 
can draw an electrical spark. 

The importance to us of the dielectric 
cell is illustrated by an experimental 
observation of Michael Faraday (1791- 
1867) . Faraday studied the variation in 
capacitance of a spherical condenser, con- 
sisting of two concentric spheres, when 
different substances were used to fill the 
space between the spheres. He found 
that all so-called insulating substances, 
or "dielectrics,” gave the condenser a 
greater energy-storing capacity than it 
had when only air separated the conduc- 
tors. This ability of a substance to 
enhance the capacity of a condenser is a 
fundamental property of matter, which 
we call the dielectric constant. Its mag- 
nitude varies from slightly more than 1 
for gases to 80 for water and even larger 
values for certain mixtures. 

Faraday explained the action of di- 
electrics in increasing capacity by assum- 
ing the presence of elementary electrical 
particles in the dielectrics which, al- 
though uncharged on the whole, had 
separate and opposite charges on the two 
ends. These particles, he said, might be 
created by the action of an electric force 
on neutral particles or they might result 
from some electrical peculiarity of the 
molecular structure. In the past 30 
years physicists have shown that Fara- 
day was right. Today we speak of in- 
duced and permanent dipoles, in corre- 
spondence with the two types of electri- 
cal particle assumed by Faraday. 



530 


THE SCIENTIFIC MONTHLY 




FIG. 4. EXAMPLES OP INDHCED AND PEEMANENT DIPOLES 
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A schematic drawing of two typical 
electrical dipoles, benzene and chloro- 
benzene, is shown in Figure 4. Benzene 
is typical of so-called induced dipoles, or 
dipoles that exist only in the presence 
of an electric force. Such materials are 
electrically neutral until, in the presence 
of an electric field, the symmetrical dis- 
tribution of positive and negative charges 
within the particle becomes disturbed 
and an induced dipole is formed. 
Chlorobenzene is typical of so-called 
permanent dipoles. Materials such as 
this are permanently unbalanced electri- 
cally, because the centers of population 
of the positive and negative charges in 
the molecule do not coincide. 

The manner in which dipoles increase 
the capacitance of a condenser is illus- 
trated in Figure 5, in which a condenser 
is shown at the left with one dielectric 
(vacuum) and at the right with another 
(benzene). We will assume that when 
the dielectric is vacuum the condenser is 
of such dimensions that one plus charge 


and one minus charge on the conductors 
is sufficient to charge the condenser to a 
given electrical potential in accordance 
with the relationship C = Q/F, where 0 
is the capacitance, Q is the charge, and 
V is the potential. 

Now consider the same condenser when 
benzene is the dielectric. Benzene, we 
know, has a dielectric constant of slightly 
more than 2, compared to a vacuum. 
Hence, the ability of a benzene-filled 
condenser to store electrical charges must 
be about twice that of the condenser with 
vacuum as the dielectric. As the illus- 
tration shows, this ability arises from the 
fact that the charges on the induced 
dipoles in the benzene effectively neu- 
tralize some of the charge on the con- 
denser electrodes. As a result, the bat- 
tery must furnish more charges to the 
electrodes in order to supply the excess 
of one plus and one minus charge, which 
we assumed were required to maintain 
the potential F. 

Entirely similar considerations apply 
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to materials containing permanent di- 
poles, like cMorobenzene. In the absence 
of an electrical potential, the chloroben- 
zene is electrically neutral. Thermal 
motion of the dipoles causes a random 
distribution of the positively and nega- 
tively charged ends of the molecule, so 
that on the average the dielectric is un- 
charged. When an electrical potential 
is applied, however, the random distri- 
bution is disturbed and the charges on 
the dipoles of the dielectric effectively 
neutralize some of the charges on the 
condenser electrodes. This results in the 
battery being forced to supply more 
charges to the condenser electrodes, in 
order to raise the potential to the given 
level y. Experiment shows the dielectric 
constant of chlorobenzene to be about 5. 

It is obvious that the large differences 
in dielectric constant resulting from 
substitution of the atomic groups in or- 
ganic compounds, such as we have con- 
sidered, furnish the experimenter with 
a valuable means of detecting changes in 
molecular structure and of character- 
izing known structures. Much work of 
this character has been done, and today 
the dielectric constants of many com- 
pounds are known with such certainty 
that they can be used as one of the most 
sensitive means of establishing the iden- 
tity and purity of chemical compounds. 
For illustration, the dielectric constants 
of a few well-known compounds are 
shown in Table 1. 

TABLE 1 

Lielecteio Oonstan-ts or Typical Organic 
Compounds (at 20° C.) 


Benzene 2.28 

Carbon tetraebloride 2.30 

Pentane 1.85 

Hexane 1.80 

Etbyl etber 4.40 

Acetone 21.3 

Etliyl alcohol 23.8 

Methyl alcohol 34.0 

"Water 80.0 


TABLE 2 

Dielectric Constant Increments or 
Typical Proteins 



Dielectric 

mcrement 

Molecular 

weight 

GliadiiL 

0.15 

42,000 

Zein 

0.45 

39,000 

Secalin 

1.0 

24,000 

Egg albumen 

0.17 

34,000 

Laetoglobulin 

1,5 

40,000 


The value of dielectric constants in 
characterizing molecules is not limited 
to low-molecnlar-weight componnds. In- 
deed, it has played a conspicuous part in 
the study of high-molecular- weight com- 
pounds, particularly the proteins. For 
example, consider Table 2, which shows 
the dielectric constant increments of sev- 
eral typical proteins of agricultural in- 
terest. (We speak here of the ‘‘dielec- 
tric constant increment’’ rather than the 
“dielectric constant” because these mate- 
rials are practically always studied in 
solution. The dielectric constant incre- 
ment is defined as the change in the 
dielectric constant of the solution per 
gram of dissolved protein.) As the data 
clearly show, the dielectric increments 
provide one means of differentiating 
compounds of practically identical 
molecular weight. 

A serious handicap to the extension of 
dielectric measurements to proteins and 
other materials of like nature of agri- 
cultural interest is the requirement that 
the conductivity of the system studied 
be very low, of the order of that of dis- 
tilled water. This requirement has seri- 
ously hampered the use of dielectric 
measurements in many important prob- 
lems. At the Western Kegional Research 
Laboratory our men have made some 
progress in the removal of this limita- 
tion. Measurements of the dielectric 
properties of an aqueous solution of a 
protein have been made in which the con- 
centration of protein was about ten times 
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greater than had been preYionsly re- 
ported. 

By working at this high concentration 
(10 percent), our men have found that 
the electrical properties of a protein solu- 
tion change very greatly as the concen- 
tration is increased. These results sug- 
gest the use of dielectric-constant mea- 
surements in studies of the interactions 
of various proteins in solution. 

Applications of Dielectric Principles. 
Water is an important constituent of all 
agricultural materials. The removal of 
this water from vegetables and fruits 
constituted a very great problem in our 
war effort. But along with the problem 
of removal of water goes the difficult 
problem of assaying its quantity in these 
materials. The emphasis placed on de- 
hydration by the war again brought the 
problem of determining ‘^moisture con- 
tent to the attention of research 
workers, and hundreds of technical pub- 
lications prove the problem to be of long- 
standing importance. Literally dozens 
of methods have been developed. Only 
one of these, however, can claim distinct 
advantages in speed and nondestructive- 
ness; that one is the so-called dielectric- 
constant method. 

Briefly, the dielectric method consists 
in placing a sample in a condenser and 
measuring its dielectric constant. The 
determination is usually carried out at 
room temperature and involves no alter- 
ation of the sample. By reference of 
the value obtained to a calibration curve 
of moisture content versus dielectric 
constant, the moisture content of the un- 
known is obtained. 

This method is not new, but it has 
undergone considerable development re- 
cently because of the demands of the 
dehydration industry for a rapid method 
of determining moisture content. At the 
Western Regional Research Laboratory 
the application of the method to dehy- 
drated carrots, cabbage, and potatoes has 


been studied. Not only have several 
commercial types of dielectric moisture 
testers been evaluated, but a great deal 
of effort has been expended in obtaining 
fundamental information on the effects 
of the various factors that enter into the 
determination of the dielectric constant 
of dehydrated materials; for example, 
temperature, particle size, and density 
of compaction of sample. 

The method developed at the Western 
Regional Research Laboratory employs 
the dielectric cell shown in Figure 6. 
This cell is very convenient to use and 
requires only 40 grams of sample, which 
can be used for other purposes since it 
is not altered during the measurements. 
It is designed especially for ease in filling 
and to exclude from the measurements 
all stray electrical influences. Circula- 
tion of water through the external coil 
brings the contents of the cell to a defi- 
nite temperature in a short time. 
Routine measurements can be obtained 
in about 20 minutes. With slight sacri- 
fice in accuracy, the time required can 
be reduced to about 5 minutes. 

A calibration curve for carrots is 
shown in Figure 7. This curve was 
established with samples containing 
amounts of water determined by the 
vacuum-oven method. After the curve 
is established, it can be used in all work 
with similar carrots. The precision of 
the calibration is such that the moisture 
content can be determined to within plus 
or minus 0.1 percent over the moisture- 
content range of 2 to 8 percent, which is 
the range of moisture particularly im- 
portant in dehydration practice. If the 
need arises, calibration curves can be 
extended to about 20 percent water. 

The principal disadvantage in the di- 
electric method is the requirement of a 
calibration curve, and someday this dis- 
advantage may be removed if our knowl- 
edge of dielectric constants advances to 
the stage where that of a mixture can be 
calculated from a knowledge of its chemi- 
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FIG. 6. A SPECIAL LIELECTBIC CELL 

USED IN LABORA.TOEY RESEARCH TO MEASURE THE MOISTURE CONTENT OF DEHYDRATED VEGETABLES. 


cal eomposition and physical state. 
Meanwhile the method offers the con- 
spienous advantage of speed. 

Another application of the dielectric 
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PEQC^MT WATEli 

FIG. 7. CALIBEATION CXJItYE 

TO DETERMINE MOISTURE CONTENT OF CARROTS- 


cell is one that is currently receiving a 
large amount of publicity. I refer to 
so-called dielectric heating, sometimes 
referred to as high-frequency heating. 
Dielectric heating is particularly appli- 
cable to materials classified as poor con- 
ductors of electricity, and into this class 
agricultural materials fall readily. 

Probably the most successful applica- 
tion of dielectric heating is the heating 
of plywood. In the manufacture of ply- 
wood it is necessary to raise the tempera- 
ture of the wood adjacent to the glue as 
well as the glue itself to about 275° P. 
With steam-heated presses it is necessary 
to heat the entire thickness of wood to 
the gluing temperature, a process re- 
quiring about nine hours, even for rela- 
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tively small thicknesses of six inches. 
Today, by the nse of dielectric heating, 
it is possible to glue sections of wood up 
to many feet in thickness. The time re- 
quired to heat the glue and the adjacent 
wood in a six-inch-thick piece has been 
reduced to about four minutes instead 
of nine hours, principally because with 
dielectric heating the heat is generated 
where it is wanted and it is no longer 
necessary to conduct the heat required 
at the glue line through the entire wood 
mass. 

Dielectric heating is directly related to 
certain characteristics of the dielectric 
particles to which I referred earlier. 
When an electric force is applied to a 
dielectric, the elementary particles of 
the dielectric are disturbed. When the 
force is removed, the particles tend to 
regain their former positions. The im- 
portant point is that in this process, 
energy is dissipated as heat within the 
dielectric. By periodic application of an 
electric force to the dielectric, the rate 
of energy dissipation may become suflS- 
ciently great to be of practical value. 

Dielectric heating has been applied to 
various problems at the Western Ee- 
gional Kesearch Laboratory. I shall 
mention only two applications, one to 
dehydration practice, and another to the 
thawing of precooked frozen foods. It 
was found that dehydrated potatoes 
could not be successfully compressed into 
blocks at the specification moisture con- 
tent of 7 percent. Good compressed 
blocks could be produced, however, when 
the potatoes contained 15 percent water. 
However, the final drying of the com- 
pressed blocks by conventional methods 
from 15 to 7 percent or lower was ex- 
tremely slow because of the time required 
for heat to flow from the surface of the 
block to the interior and because of the 
length of path of moisture movement. 
For this reason a test was made of di- 
electric heating; that is, the heat re- 
quired for drying was developed in the 



EIG. 8. DEYING POTATOES 

REDUCTION OF MOISTURE CONTENT IN BLOCK OF 
DRIED POTATOES BY TWO TYPES OP HEATING. 


potatoes. Potato blocks were dried in a 
vacuum oven and also in a special 
vacuum oven with dielectric heating. 
The results of some of the tests are shown 
in Figure 8. 

The data show that the dielectric heat- 
ing resulted in a much greater initial 
rate of drying. As the samples became 
drier the disparity in the rates shown by 
the two methods decreased because, once 
the potato blocks reach the desired tem- 
perature, rate of diffusion of water from 
the blocks is the factor that determines 
the drying rate. With dielectric heat- 
ing, no problem of heat transfer entered ; 
the samples could be brought to the 
desired temperature almost instantane- 
ously. In the conventional vacuum oven, 
however, considerable time is required 
for heat to be transferred from the oven 
throughout the sample. 

Potatoes dried by the dielectric heat- 
ing process did not have as good quality, 
however, as when the slower vacuum 
oven was used. Apparently a low tem- 
perature is desirable at the beginning of 
the drying cycle when the moisture con- 
tent is relatively high. While the dielec- 
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trie heating cycle could be altered to suit 
this condition, much of its advantage of 
speed over the conventional vacuum oven 
would be lost. Obviously, however, in 
those instances where the material to be 
dried is not so subject to heat damage as 
potatoes, the dielectric method offers a 
possible advantage in speed of drying. 

The second application of dielectric 
heating I wish to consider concerns the 
thawing of frozen foods, particularly 
precooked food. In order to increase the 
usefulness of frozen foods it appears 
necessary to devise some means of thaw- 
ing the material and raising its tempera- 
ture to approximately room temperature 
in a matter of minutes, rather than 
hours, as is now required. The present 
discussion concerns both home and indus- 
trial consumers, being equally important 
for the small packages of frozen food 
used in homes and the much larger pack- 
ages held in storage for further process- 
ing. The home consumer is primarily 


concerned with the question of speed, 
and the industrial processor is princi- 
pally concerned with the prevention of 
changes in quality that occur when 
frozen foods are held for long periods in 
thawing rooms. 

Conventional thawing procedures never 
result in the entire mass of food being 
thawed simultaneously. Some portions 
of the package thaw quickly and are 
subject to detrimental changes during 
the period required by the remainder of 
the package. At the Western Regional 
Research Laboratory experiments have 
been conducted to determine whether 
dielectric heating can be applied to this 
problem. These experiments have been 
conducted on standard one-pound pack- 
ages of frozen fruits and vegetables. 
The entire package, about 2 x 4 x 5 J 
inches in size, complete in its original 
cardboard wrapper, was placed between 
flat parallel copper plates, which formed 
the dielectric heating-cell electrodes and 
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PIG. 10. THAWING FROZEN FOODS WITH TWO TYPES OP HEATING 


the electrodes were connected to a high- 
frequency generator (Fig. 9). 

Thermometers placed in holes drilled 
in the frozen material indicated the tem- 
perature at several points during the 
heating process. Typical obseiwations 
are presented in Figure 10, where the 
temperature at the center of a one-pound 
package of frozen peas is plotted as a 
function of the heating time. For com- 
parison, the temperature rise in a similar 
package is shown when the package was 
held in a room at 28® 0. With dielectric 
heating the rate of temperature rise was 
practically uniform up to the melting 
temperature. On the other hand, the 
package held at room temperature 
warmed very slowly and at a continu- 
ously decreasing rate. These experi- 
ments show a gain in speed of thawing 


of about thirty times when dielectric 
heating is used. It is possible that much 
higher gains in speed may be obtained 
as more is learned about the process and 
it becomes possible to utilize more power- 
ful generators. While these results are 
of an essentially preliminary nature be- 
cause of the exploratory nature of the 
work, they do indicate the very great 
advantage of timesaving to be gained by 
the application of dielectric heating. 
Many problems remain to be solved be- 
fore work of this character can be con- 
sidered to be out of the laboratory stage. 
Much more information must be gathered 
in the laboratory concerning the basic 
dielectric properties of agricultural ma- 
terials before engineers will have the 
information needed to design new equip- 
ment and new processes. 




THE NEED FOR SCIENCE WRITING IN 
THE PRESS* 

By RALPH COGHLAN 

ST. LOUIS POST DISPATCH 


Newspaper science writers are actu- 
ally translators. Their job is to trans- 
late scientific mumbo jumbo into plain 
English. It is not easy for several 
reasons. One is that a lot of scientists 
distrust the press. They have good 
cause for this. Some of the things the 
press has done to science are horrible to 
contemplate. The press has caused sci- 
ence acute embarrassment ; we have sent 
scientists rocketing to the moon too 
many times ; we have carelessly an- 
nounced great discoveries that turned 
out to be fakes and fiascoes. 

Watson Davis tells of the first science 
story he turned in to a city desk. It 
was one of the early reports that showed 
that goldenrod does not cause hay fever, 
but that it is caused instead by ragweed 
pollen. To Mr. Davis’ amazement, the 
next morning the newspaper carried a 
very prominent page one story, ‘^but,” 
as he says sadly, ‘‘the copy desk in its 
infinite wisdom had corrected my error 
and the story told how goldenrod does 
cause hay fever.” 

We all remember the old Sunday sup- 
plement with its “knock-em-dead” sto- 
ries about alleged scientific discoveries. 
We were told how we could have rosy 
cheeks that would last a lifetime. (This 
turned out to be merely a tattooing job.) 
We read headlines to prick the curiosity, 
such as “What Was the Huge Animal 
the Explorers Saw Disappear in an 
African Cave?” Or we were edified by 
the fact that dwarfs, giants, and freaks 
are now understood by science, with 

* Exom an address before the luncheon of the 
George Westinghouse Science Writing Awards, 
American Association for the Advancement of 
Sdence, March 27, 1946. 


heavy emphasis, of course, on the dwarfs, 
giants, and freaks. 

But the press is not altogether stupid ; 
we are learning. In the excellent New 
Yorker “Profile” of William Laurence, 
of the New York Times ^ I find this pas- 
sage : 

The daily press used to be both Ignorant 
and suspicious of science, and generally avoided 
having to cope with it by ignoring it. Even 
the most significant scientific developments were 
slighted. 

The invention of the telegraph left the news- 
papers, which were later so heavily to depend 
on it, editorially bored, and when the telephone 
came along it evoked such comment as that of 
the Dallas News, which said smugly, ^‘We must 
admit our incredulity is put to rather a strong 
test. ’ ' 

Not a single reporter was present at the 
Wright brothers^ first flight; the Chicago Trib- 
une, showing even in 1903 a wondrous talent 
for steering a straight course of reaction, de- 
clined even to mention the preposterous goings 
on at Kitty Hawk. 

Newspapers touched on science only when 
they found a chance to poke fun at the absent- 
mindedness of its professors or to hint at 
strange new discoveries in the field of sex. 

Not until the last war broke out and the 
effectiveness of its weapons became evident did 
scientists get any respectful treatment, and 
even then relations between them and the press 
were not cordial, because nine-tenths of the 
time interviewers had no idea what their inter- 
viewees were talking about. 

Laurence is one of the men who have brought 
science and the newspapers together. 

Since 1926, when he began reporting science 
for the World, he has absorbed so much of it, 
and so rapidly, that he occasionally has to talk 
down to a scientist to put him at his ease. 

Scientists have learned to respect men 
like Laurence, Watson Davis, Howard 
Blakeslee, Waldemar Kaempffert, and 
John J. O’Neill. These men actually 
represent a new type of journalism. In 
a sense, it is “pure journalism” in the 
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way that we use the term “pure re- 
search.’^ These men do not have to 
write a story every day. They are not 
harassed by deadlines. It is their privi- 
lege to browse around the laboratories 
and in the scientific journals to winnow 
the important from the unimportant. 
They are given more liberty than the 
average reporter and are permitted to 
make judgments as to what is news in 
science instead of having men who do not 
know science tell them what scientific 
news is. 

This method leads to a new trust be- 
tween scientist and journalist, and the 
press has got to produce more journal- 
ism like this. It has got to produce more 
organizations like Science Service and 
more scientific staffs like those of the 
New York Times and Herald Tribune; 
it has got to produce more publishers 
like old E. W. Scripps, who said, “Damn 
it ! If we have got to have a democracy, 
let’s have an intelligent one.” Mr. 
Scripps strongly believed that an intel- 
ligent democracy was one that knew 
something about science and the methods 
of science as a guide to everyday life. 

I say the press has got to do these 
things because it must — Hiroshima and 
Nagasaki settled that. No matter how 
odious science is, the public must learn 
about it. The public must learn about 
it or else we will not be on this planet 
much longer. Perhaps it would be just 
as well. However, a lot of us would like 
to stick around yet for awhile. We want 
to see the day when scientists’ little 
tricks with the atom can operate an 
automobile from coast to coast on a cup- 
ful of gasoline. (I believe I will take 
that back as I suppose it is still another 
piece of journalistic rot!) 

While I freely confess that the press 
has mutilated scientific theory, has mis- 
represented it, and has often unduly 
raised the hopes of many people by pre- 
maturely announcing cures of deadly 


diseases, there is another side to this 
picture. That is the fact that scientists 
themselves have too long lived in ivory 
towers. They have enjoyed to the fuU 
their intellectual snobbery. They have 
kept themselves aloof from the common 
herd. It used to be said that only twelve 
men in the world understood Einstein’s 
theory of relativity. This must have 
given exquisite pleasure to those twelve 
men. It must have given even more 
pleasure to other scientists who rejoiced 
that their two-, four-, or eight-story 
minds were so superior to the minds of 
other men. . 

Scientists have not only lived in ivory 
towers ; they have developed a lingo im- 
possible for anybody but themselves to 
understand. It is actually a strange lan- 
guage. I should add that it is really a 
set of strange languages because very 
often one group of scientists cannot 
understand what another group of scien- 
tists is talking about. Like E. W. 
Scripps, Edward E. Slosson was preach- 
ing more than twenty years ago that 
science should be democratized and 
brought within the reach of the many. 

Slosson in a Century Magazine article 
published in January 1922 said that if 
you suggest to a person he might find 
it interesting to study botany or chem- 
istry he is likely to reply that he “had 
it as a boy,” implying that, like mumps 
or measles, he could never catch it again. 
He criticized scientists for turning away 
eager lay minds with an attitude that 
seemed to say, “Run away, child. You 
couldn’t understand what I am doing if 
I did explain it to you. ’ ’ 

(I am, of course, not trying to dis- 
parage the exactness of statement which 
scientific terminology represents.) 

To go back again to Mr. Slosson : 

The popularization of science does not mean 
falsification, but its translation from technical 
terms into ordinary language. Popular science 
need not be incorrect, but it has to be some- 
what indefinite. It differs from the exact sci- 
ences in being inexact. The scientific mind is 



540 


THE SGIENTIPIO MONTHLY 


set at too sharp a focus for ordinary use. The 
would-be popularizer is always confronted by 
the dilemma of comprehensible inaccuracy or 
incomprehensible accuracy, and the- fun of his 
work lies mainly in the solution of that prob- 
lem. 

There is no excuse for a scientist to 
display his learning with big words when 
little ones would do just as well. What 
would you think, for example, of a scien- 
tist who would paraphrase Wordsworth 
in this fashion ? 

A primrose by the river's brim 
Frimula flava was to him and it was nothing 
more. 

Or how would you like it if a scientist 
would express Lord Tennyson’s famous 
line about a young man’s fancy in this 
way: ‘^In the spring the chief activating 
gland of the kinetic system, the thyroid, 
shows a distinct enlargement.” 

So, while I am perfectly willing as a 
member of the press to accept justifiable 
criticism from scientists for the way 
their facts have often been manhandled, 
the fault in the bad relations between 
science and the press rests with scien- 
tists, too. 

I am glad the chasm between us is 
being bridged, even though we both still 
have a long way to go. We shall have 
to hurry to complete the bridge — the 
proper use and control of atomic energy 
makes that imperative — and I think we 
can confidently expect a more and more 
intelligent treatment of science by the 
press. 

Newspapers have to deal often, among 
other things, with the intricacies of the 
legal profession. Many lawyers try to 
baffle us with their technical terms, just 
as scientists try to baffle us with their 
technical terms, but the lawyers have 
not been successful. If newspaper read- 
ers do not yet know the meaning of such 
monstrous legal phrases as ‘‘incorporeal 
hereditament,” they perfectly well un- 
derstand that when a fellow is thrown 


in jail it is often a writ of habeas corpus 
that gets him out. And the people have 
the right to know at least as much about 
enzymes and hormones as they do about 
habeas corpus. 

The awful, as well as beneficial, dis- 
coveries of science have forced scientists 
into polities, and when scientists go into 
politics they will have to learn to talk 
the plain language of the people. 

As Professor Harold C. Urey ex- 
presses it : 

I have dropped everytbing to try to carry 
tbe message of the bomb's power to the people 
because if we can't control this thing there 
won't be any science worthy of the name in 
the future. I know the bomb can destroy 
everything we hold valuable and I get a sense 
of fear that disturbs me in my work. I feel 
better if I try to do something about it. 

A great many scientists feel the same 
way. A great many of them feel the 
most solemn obligation to prevent the 
atomic bomb from being controlled by 
our military men, and a great many of 
them feel that they must do something to 
defeat the May- Johnson bill, which 
would cripple scientific research. 

In the March 1946 issue of Harper’s 
Magazine there is a notable article on 
this subject by Joseph A. Brandt, who 
says: “The life of academic quietism is 
over. The man of learning, however 
well equipped he may be, must learn to 
become a man of action, a politician, a 
man of the people, speaking for people, 
leading people.” 

If the scientist does play this role, he 
must make full use of the press. The 
press, on its part, must develop more 
and more staff members who can trans- 
late the language of science into the 
language of the people. I hope a new 
relationship will come into being among 
science, politics, and the press — a rela- 
tionship that will bring science closer to 
the people and that will enable man, by 
his knowledge of science, to control his 
own destiny. 



CHARLES MASON AND JEREMIAH DIXON 


By THOMAS D. COPE 

DEPARTMENT OF PHYSICS, UNIVERSITY OF PENNSYLVANIA 


'‘Stargazer’’ has a special meaning in 
Chester County, Pa., though it is now 
nearly 200 years since Charles Mason 
and J eremiah Dixon came from England 
to set up their surveying instruments on 
the farm of John Harlan in Newlin 
Township. For the tradition persists 
among Harlan’s descendants, who still 
own and cultivate the farm, and among 
the descendants of men who wnrked for 
Mason and Dixon that these two were 
unusual individuals who woi'ked with re- 
markable instruments and spent much 
time mysteriously observing the stars. 
Except in this community, however, and 
to a few astronomers, geodesists, and 
perhaps a chance historian, the men 
Mason and Dixon are shadowy figures 
or "just surveyors.” 

Charles Mason laid the foundation of 
his career at Greenwich where he worked 
from 1756 to 1760 as assistant observer 
to the Reverend James Bradley, Astrono- 
mer Royal. Bradley was then near the 
end of his career (he died in 1762). As 
a young man he had discovered the aber- 
ration of light and the nutation of the 
axis of the Earth and had founded a new 
era of precise observations. He had en- 
larged the Greenwich Observatory and 
equipped it with new instruments. 
Mason acquired some of the spirit and 
the ideals of his preceptor and learned 
from him the use of instruments of pre- 
cision and the art of observing. At 
Greenwich Mason made the acquaintance 
of the Reverend Nevil Maskelyne, a 
young astronomer who was assisting the 
Astronomer Royal in a study of atmos- 
pheric refraction. This association of 
Mason and Maskelyne continued as long 
as Mason lived. 

And at Greenwich Mason first learned 


to know Mayer’s Tables of the Moon. 
Early in 1755 Professor Tobias Mayer 
of Gottingen University had filed a claim 
with the Lords of the British Admiralty 
for one of the awards promised by act of 
Parliament of the fourteenth year of 
Queen Anne to discoverers of improve- 
ments in ways of finding the longitude 
at sea. In support of his claim Mayer 
had submitted in manuscript a new set 
of lunar tables with accompanying the- 
ory and other papers. In due course the 
Admiralty referred these claims and 
exhibits to the Astronomer Royal for 
investigation and report. 

Bradley first reported on Mayer’s 
Tables on February 10, 1756, and finally 
on April 14, 1760. 'With the assistance 
of Charles Mason, Bradley had compared 
positions of the Moon as predicted in the 
Tables with positions as observed at 
Greenwich. Eleven hundred compari- 
sons led to the comment : 

So far as it will depend upon the lunar tables 
the true longitude of a ship at sea may in all 
cases be found within about half a degree and 
generally much nearer. 

It remained to be examined within what limits 
the errors arising from observations actually 
taken at sea could be contained. 

This test was carried out for Bradley by 
Captain Campbell, of E.M.8. Boyal 
George^ on cruises near Ushant in 1758 
and 1759. A sextant was made especially 
for the trials by John Bird, instrument 
maker for Greenwich Observatory. 
Bradley’s final comment reads: 

However great the difficulties of finding the 
longitude by this method seem to be, they are 
not insuperable, or such as ought to deter those 
whom it most neaidy eoneerns from attempting 
to remove them. 

James Bradley was now nearing the 
end of his days. His hand was faltering. 
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Nevil Maskelyiie and Charles Mason re- 
ceived the torch he had carried. They 
made the development of the method of 
lunar distances for finding' the longitude 
at sea a major concern of the rest of their 
lives. 

A transit of Venus across the face of 
the Sun was due to occur on June 5, 
1761. It would afford a golden oppor- 
tunity to determine the distance from 
Earth to Sun. To secure data observers 
would need to be stationed at strategic 
posts over the face of the Earth. The 
equipment needed would be simple — tele- 
scopes, timepieces, and instruments for 
measuring small angles. 

Early in 1760 the Eoyal Society of 
London drew up plans to observe the 
transit at home and to send expeditions 
abroad, one to St. Helena where the end 
of the transit could be observed, the 
other to Sumatra where the whole phe- 
nomenon could be seen. Nevil Maskelyne 
was chosen to go to St. Helena, assisted 
by Robert Waddingtoii; Charles Mason 
was selected to go to Sumatra with Jere- 
miah Dixon as assistant. Dixon was a 
surveyor and amateur astronomer from 
Cockfield in the county of Durham. 

Both expeditions sailed from England 
as the year changed from 1760 to 1761. 
Mason and Dixon were carried by H.lf.S. 
Seahorse. An engagement with a French 
man-of-war and accidents of wind and 
weather delayed their progress. They 
were obliged to disembark at the Cape of 
Good Hope and observe the end of the 
transit there. It occurred just after 
sunrise on June 5 ; weather was excellent. 

Observations were reported by 176 
observers from 117 stations. Perhaps 
the best commentary upon the work of 
Mason and Dixon on this occasion was 
written 130 years later. In 1891 the late 
Professor Simon Newcomb of the United 
States Naval Observatory published an 
exhaustive review of the transits of 
Venus of 1761 and 1769. To the obser- 
vations made by Mason and Dixon at 


the Cape of Good Hope in 1761 he as- 
signed weights that were among the very 
highest that he allotted. 

In the early autumn of 1761 Mason 
and Dixon sailed from the Cape of Good 
Hope to Sc. Helena and joined Maskelyne 
and Waddingtoii in a program of re- 
search that eon tinned into 1762. Maske- 
lyne had with him an astronomical clock 
made for the Royal Society by John 
Shelton. This clock is still in the posses- 
sion of the Society and has been used on 
expeditions to many regions. Bradley 
had adjusted the clock at Greenwich and 
had found its rate of losing time when 
compared with the stars. Maskelyne had 
set it up on St. Helena with its pendulum 
at the same length and had found its rate 
there. Soon after his arrival at St. 
Helena, Dixon was sent with the clock 
back to the Cape of Good Hope for a 
similar determination. 

The rates of a pendulum of constant 
length at various stations give relative 
values of gravity at these stations. They 
in turn permit inferences about the rela- 
tive lengths of the polar and etiuatorial 
diameters of the Earth. Since Maskelyne 
was interested in the size and shape of 
the Earth, he continued to make determi- 
nations of gravity wdth John Shelton’s 
clock. He took it to the Barbados during 
1763 and 1764. In 1766 he sent it to 
Mason and Dixon in Pennsylvania, where 
they observed wdth it on Harlan’s Farm. 

Since at St. Helena the star Sirius in its 
diurnal motion passes near the zenith, its 
zenith distance as it crosses the meridian 
can be measured with precision. On 
account of its brightness Sirius was re- 
garded as one of the nearest stars, proba- 
bly with a large annual parallax. If this 
assumption were correct the zenith dis- 
tance should change materially with the 
motion of the Earth in its orbit over a 
period of months. Maskelyne went to 
St. Helena prepared to measure the 
zenith distances of Sirius with a new 
zenith sector built for the Royal Society 
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by Jonathan Sisson. (A zenith sector 
is a graduated arc of a vertical circle 
provided with a telescope and plumb 
line. ) 

Maskelyne soon found that the man- 
ner of suspending the plumb line intro- 
duced serious errors into the readings. 
After his return to England he demon- 
strated to a committee of the Koyal Soci- 
ety that the fault existed and that it had 
probably affected all zenith sectors previ- 
ously built. The first sector free of this 
defect was built at once for Thomas and 
Richard Penn by John Bird and in the 
autumn of 1763 was brought to Phila- 
delphia by Mason and Dixon. It was 
used by them in every determination of 
latitude they made in America. 

His voyages to St. Helena and back to 
England and the voyage to the Barbados 
permitted Nevil Maskelyne to test the 
method of lunar distances and Mayer’s 
Lunar Tables in finding the longitude of 
his ship. The outcomes were so encour- 
aging as to lead Maskelyne to embody the 
method in a booldet for navigators that 
he published in 1763, The British Mari- 
ner Guide, 

James Bradley’s successor as Astrono- 
mer Royal was Nathaniel Bliss, who lived 
only two years after his appointment. 
Maskelyne succeeded him early in 1765 
and thus became the fifth Astronomer 
Royal at Greenwich. 

In the meantime, bn July 4, 1760, 
while the Royal Society was planning to 
observe the coming transit of Venus, the 
Proprietors of Maryland and Pennsyl- 
vania had entered into an Agreement 
before the Court of Chancery to end 
their differences and forthwith to survey 
and mark their common boundaries. 
Both parties appointed commissioners 
from the provinces to carry out the arti- 
cles of agreement. They in turn met at 
New Castle on the Delaware, agreed 
upon procedures, and engaged surveyors 
from Maryland and Pennsylvania. 


The Middle Point of the peninsula 
between Delaware and Chesapeake bays 
had been determined, accepted, and 
marked in 1751. It is now the south- 
western corner of Delaware. The eastern 
boundary of Maryland northward from 
the Middle Point to the Pennsylvania 
border was still to be surveyed. It was 
agreed upon as a straight line north- 
ward up the peninsula from the Middle 
Point until it made a tangent to the 
periphery of a circle of 12 miles radius 
drawn around New Castle. Prom the 
Tangent Point northward the boundary 
should consist, first, of that part of the 
circular are that might lie westward of 
the meridian through the Tangent Point, 
and thence northward the meridian of 
the Tangent Point to an east-west line 
15 miles south of the southernmost point 
of the city of Philadelphia. Except for 
slight errors made in surveying this 
describes the boundary as it stands 
today. 

The provincial surveyors struggled to 
establish the Tangent Line from the 
spring of 1761 until the autumn of 1763. 
They ran a meridian northward from the 
Middle Point until the spire of the Court 
House in New Castle was in sight. Then 
they ran a radius out from the spire to 
intersect the meridian, measured dis- 
tances and angles, calculated the position 
of the Tangent Point and the bearing of 
the Tangent Line. They set posts to 
mark the Tangent Point. Then they 
returned to the Middle Point and pro- 
ceeded to lay off the Tangent Line. It 
fell half a mile to the east of the Tangent 
Point ; a second trial ran 350 feet to the 
west. 

The Proprietors were being kept in- 
formed of the progress of the survey. 
Both consulted Dr. John Bevis, and 
Thomas Penn sought advice from Dr. 
John Robertson, Master of the Royal 
Naval Academy at Portsmouth. Jona- 
than Sisson and John Bird were engaged 
to construct surveying equipment. As 
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months grew into years and as expenses 
mounted, the Proprietors became im- 
patient. 

Just who introduced Mason and Dixon 
to Thomas Penn is not clear. On June 
18, 1763, however, Penn wrote to the 
Commissioners for Pennsylvania : 

We intended to persuade Lord Baltimore to join 
in sending some very able Surveyors that were 
skillful in making Celestial observations from 
hence, to this proposal we never got any con- 
sent of his till two Days since, . . . and Mr. 
Calvert joined with us in desiring the mathe- 
maticians, we proposed, to come to London, as 
soon as possible. 

On August 10, 1763, he wrote to the 
provincial secretary, the Reverend Rich- 
ard Peters : 

Mr. Mason and Mr. Dixon have taken their 
passages with Captain Faleonar . . . and they 
have with them the fine Sector, two Transit 
Instruments, and two reflecting Telescopes, fit 
to look at the Posts in the Line for ten or 
twelve miles. 


They carried also Hints for Running 
the Lines that had been prepared by 
John Bevis and Daniel Harris. The 
latter had succeeded John Robertson as 
mathematical master at Christ’s Hos- 
pital. 

Mason and Dixon arrived at Phila- 
delphia on November 15, bi'ought their 
instruments ashore, met the commis- 
sioners of both provinces, and took oaths 
to undertake the survey. With the aid 
of city authorities they selected the 
South Point of Philadelphia, erected a 
temporary observatory near it, set up 
John Bird’s zenith sector, and measured 
the zenith distances of eight stars of 
Bradley’s Catalogue as they passed the 
meridian. Apparent distances were cor- 
rected for refraction and were reduced 
for precession, aberration, and nutation 
to January 1, 1764. The latitude of the 
south point of Philadelphia as given by 
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stars taken from Bradley’s Catalogue 
was 39° 56^ 29.1" Modern determina- 
tions make it only 2.5" less. 

In January 1764, the surveyors moved 
westward 31 miles to John Harlan’s 
Farm, which became their headquarters. 
The observatory was erected, and the 
latitude was found. When the season 
opened, they moved southward from 
Harlan’s along a meridian. Distances 
were measured as they proceeded, on 
level ground by chain, on slopes by levels. 
Again the latitude was determined, and 
a post marked ^‘West” was set up in a 
field of Alexander Bryan’s farm in New 
Castle County to mark the latitude 15 
miles south of the South Point of Phila- 
delphia. This post became the reference 
point for the parallel of latitude that 
separates Pennsylvania from Maryland. 

For the next 4 years the survey pro- 
ceeded. Vistas were opened through the 
forest, the Tangent Line was run, and 
the position of the Tangent Point was 
confirmed as marked. Northward, one 


mile and a half of circular arc and three 
miles and a half of meridian completed 
the eastern boundary of Maryland to the 
northeastern corner of the state in lati- 
tude 15 miles south of the South Point 
of Philadelphia. 

The Parallel that separates Maryland 
and West Virginia from Pennsylvania 
was surveyed from the Delaware River 
to Dunkard Creek in the west. Agree- 
ment provided that it should span 5 de- 
grees of longitude, but conditions in the 
Indian country halted its westward ex- 
tension. The Five Nations provided an 
escort from the crest of the Alleghenies 
westward during the summer of 1767, 
but the escort refused to cross an Indian 
line west of the Monongahela River. 

The Parallel was established step by 
step. Ares of great circles were calcu- 
lated to intersect the Parallel 10 minutes 
to the west. The arcs were run by 
transit. Then latitude was found by the 
zenith sector ; offsets to the Parallel were 
calculated, and the Parallel was marked. 
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Vistas were opened along all lines. In 
the mountains to the west the Parallel 
was marked by cairns on the ridges ; to 
the eastward the boundaries were marked 
by limestone monuments brought from 
England. Many of these markers are 
standing to this day. 

On January 29, 1768, Mason and Dixon 
handed the map of the boundary to the 
commissioners. 

Mason and Dixon spent five winters 
in America. The two winters following 
that of 1763-64 took them on excursions 
into neighboring colonies. The winters 
of 1766-67 and 1767-68 were spent at 
Harlan’s Farm in scientific work for the 
Royal Society. Both men were ac- 
quainted with geodetic and geophysical 
measurements that had been made in 
Europe and on other continents. They 
themselves had used John Shelton’s clock 
for determinations of gravity on St. 
Helena and at the Cape of Good Hope. 


They knew that in 1752 the Abbe de la 
Caille had measured an arc of meridian 
at the Cape and from it had calculated 
the length of a degree of latitude in that 
region of the Barth. In the same year 
the Jesuit astronomers Boscovich and Le 
Maire (the latter was from the same 
county in England as Jeremiah Dixon) 
had measured an arc of meridian across 
the Apennines from Rome to Rimini. 
For generations members of the French 
Academy had been measuring meridians 
in France, in Lapland, and in Peru. 
And in 1761 Cassini de Thury had begun 
to extend a parallel of latitude from 
Brest to Vienna. These projects had 
contributed data from which the size and 
shape of the Earth had been inferred, 
especially the flattening at the poles and 
the bulge at the equator. 

No data had as yet been obtained from 
North America. In 1760 Father Roger 
Joseph Boscovich visited London. He 
was well received and was elected a fel- 
low of the Royal Society, The record 
shows that he proposed to the Society 
that it measure a degree of latitude in 
America. 

Before they had been long in America 
Mason and Dixon acquainted the Royal 
Society with the opportunities that were 
at hand along the Maryland-Pennsyl- 
vania boundary for measuring a degree 
of latitude and a degree of longitude. 
Their proposal was conveyed to the 
Council of the Society by Nevil Maske- 
lyne. It received favorable attention on 
October 24, 1765. The project of mea- 
suring a degree of latitude was spon- 
sored, funds were appropriated, instru- 
ments were supplied, the acquiescence of 
Lord Baltimore and the brothers Penn 
was sought, and the use of their instru- 
ments was bespoken. 

Both the secretary of the Royal Society 
and the Astronomer Royal sent %ord of 
these decisions promptly. The latter 
drew up a letter of advice and instruc- 
tions and forwarded it early in Novem- 
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her 1765. Mason and Dixon were in- 
structed to measure again the courses 
that linked the site of the observatory 
at Harlan’s with the Middle Point. Both 
lengths and bearings were to be redeter- 
mined with all attainable precision. The 
latitude of the Middle Point was to be 
found and that of the site at Harlan’s 
found again. To improve precision a 
5-foot brass rod and 20-foot fir rods with 
brass ends, made by John Bird, were 
provided. Besides, there were sent a 
spirit level, silver wh*e for supporting 
plumb bobs, thermometers, and John 
Shelton’s clock. Detailed instructions 
accompanied the instruments. 

The first opportunity to work on the 
projects of the Royal Society came to 
Mason and Dixon in October 1766. They 
had just returned to the Maryland-Dela- 
ware peninsula from, the Alleghenies, 
where they had spent the season extend- 


ing the Parallel of Latitude westward. 
All work planned for the year had been 
completed except that of setting markers 
along the Tangent Line. On October 8 
they arrived at the Middle Point and 
there spent 11 days in finding the lati- 
tude. The zenith distances of ten of 
Bradley’s stars were measured repeat- 
edly as they crossed the meridian. Cor- 
rections for refraction were made, and 
reductions for precession, aberration, and 
nutation. 

In 1764 two courses had been run from 
the Middle Point toward the Tangent 
Point, one slightly to the west of it, the 
other to the east. The bearing of the 
former course was now remeasured at 
the Middle Point. The party then moved 
slowly northward along the boundary, 
checked bearings, measured offsets to 
the Tangent Line, and set permanent 
markers. From November 18 to 21 they 
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met with the Commissioners at Christi- 
ana Bridge, New Castle County, and 
were there instructed to extend the 
Parallel eastward to the Delaware River. 
This was completed by December 1. 

The party then moved northward 
again and on December 5 established 
itself for the winter at Harlan’s Farm. 
The zenith sector was set up just where 
it had stood 3 years earlier. Two astro- 
nomical clocks were mounted. One be- 
longed to the Penns; the other was John 
Shelton’s clock. The party remained at 
Harlan’s until the middle of June 1767. 
The latitude was found Avith great pre- 
cision. Eclipses of Jupiter’s moons were 
observed to establish the longi tude of dm 
station. The pendvilum of Shelton’s 
clock was adjusted to the length pre- 
scribed by the Astronomer Royal, and 


by comparison with the stars its rate was 
found. Amplitude of swing and tem- 
peratures were recorded systematically. 
On May 24 there came a copy of the first 
issue of the Nautical Almanac, that for 
the year 1767, and a letter from the 
Astronomer Royal asking for a report 
of progress and directing that Shelton’s 
clock be sent home at once, in order that 
it might be made ready for use in observ- 
ing another transit of Venus expected 
to occur in June 1769. 

The Parallel of Latitude Avas extended 
to its farthest Avest during the summer 
and autumn of 1767. The final report of 
the survey Avas handed to the Proprietors 
during January 1768. Mason and Dixon 
Avere then free to complete their projects 
for the Royal Society. They returned 
to Harlan’s Farm on February 1 and at 
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once made ready to measure the courses 
that extended southward from that sta- 
tion to the Middle Point. 

Levels had to be constructed. Joel 
Bailey, a local surveyor who had helped 
with the surve^^, was engaged to build 
sturdy frames of pine to carry the 20-foot 
brass-tipped fir rods. Each frame had a 
plumb line hanging in a tube at its 
middle. A frame was set up with its rod 
horizontal in the line being measured. 
Its position was marked to the hundredth 
of an inch on a stake set at the bottom 
of the plumb bob. The next frame was 
set in line with the rods end to end as 
shown by a plumb line. Temperatures 
’were recorded. The rods were checked 
regularly against the Royal Society’s 
5-foot brass standard of length. 

With all attention to detail the levels 
■were applied first to the course 15 miles 
due south from the observatory at Har- 
lan’s to the Parallel. Then a shift of 
almost 3 miles due west placed them in 
the meridian of the Tangent Point. The 
levels were applied to this meridian until 
the Tangent Point was reached. Then 
the levels ’were carried westward and 
90 feet southward to the arc of a great 
circle first run in 1764 and checked two 
years later. Thence a steady, patient 
march of almost 82 miles brought men 
and levels to the Middle Point on June 6. 

Mason and Dixon returned to Har- 
lan’s Farm on June 16 and said farewell 
to it two weeks later. They settled ac- 
counts with the Commissioners during 
Augiist and sailed from New York for 
England on September 11. ‘'Thus ends 
my restless progress in America,” wrote 
Mason at the end of their Diary, 

From the data, Nevil Maskelyne found 
that the Middle Point lay south of the 
observatory at Harlan’s I'’ 8' 45'' by 
celestial observations and 538,067 feet 
as measured horizontally over ground. 
Hence “363,763 English feet is the 
length of a degree of latitude in the 
provinces of Pennsylvania and Mary- 
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land.” He analyzed the work and in- 
corporated the result in a table of de- 
grees of latitude that had been measured 
in Europe, South Africa, and South 
America between 1736 and 1768. (Im- 
mediately after its announcement Honor- 
able Henry Cavendish pointed out that 
the Atlantic Ocean and the Alleghenies 
had probably deflected the plumb line 
of the zenith sector to an appreciable 
extent for which no correction could be 
made.) 

Philadelphia in those days was the 
second city of the British Empire, and 
among its inhabitants was a coterie of 
men who -were keenly appreciative of 
scientific progress. Charles Mason, Jere- 
miah Dixon, Nevil Maskelyne, and Joel 
Bailey were soon elected to the American 
Philosophical Society held at Philadel- 
phia for Promoting Useful Knowledge. 

For the guidance of observers of the 
transit of Venus which was to occur on 
June 3, 1769, Astronomer Royal Maske- 
lyne published instructions as a supple- 
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ment to the Nautical Almanac. The 
Royal Society prepared to observe the 
transit at home and to send expeditions 
abroad. Western Europe was to see the 
transit begin before sunset; eastern 
North America would see its early stages 
during the afternoon ; western North 
America, Alaska, and the Arctic regions 
would see the entire transit; and Aus- 
tralia, Asia, and eastern Europe would 
see its end after sunrise. 

Astronomers of the American Philo- 
sophical Society established temporary 
observatories for viewing the transit on 
State House Square in Philadelphia, at 
Norriton, Pa., and at Lewes, Del. They 
made admirable records of the transit 
and sent them to the Royal Society. The 
Royal Society sent William Wales and 
Joseph Dymond to Prince of Wales Port 


on Hudson Bay. They saw the entire 
transit from ingress to external contact 
at egress with highly favorable weather 
throughout. To observe the transit in 
the Pacific, the Society sent Lieutenant 
James Cook on the first of his famous 
voyages. His ship, the Endeavour, 
carried a distinguished company which 
included astronomer Charles Green and 
naturalist Joseph Banks. They observed 
the transit from Tahiti. “There not 
being a cloud in the sky from the rising 
to the setting of the Sun, the whole pas- 
sage of the planet Venus over the Sun’s 
disk was observed with great advan- 
tage.” 

Jeremiah Dixon and W. Bayley were 
sent to North Cape, Norway. Weather 
was unfavorable, and their observations 
were fragmentary. Charles Mason pro- 
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ceeded to Cavan, near Strabane, in 
county Donegal, Ireland, established an 
observatory, and made records for the 
Royal Society from April 3 to Novem- 
ber 28, 1769. His report on time, lati- 
tude, and longitude is a masterly one. 
He made complete records of the begin- 
ning of the transit. 

Years later the astronomer Bncke 
studied and restudied the data secured 
in 1761 and 1769. In 1835 he announced 
the conclusion that the Barth is 95,370,- 
000 miles from the Sun, a distance ac- 
cepted as correct for the next 30 years. 

Sir Isaac Newton had predicted that 
a ''hemispherical mountain 3 miles high 
and 6 miles broad will not by its attrac- 
tion draw the plumb line 2 minutes out 
of the perpendicular.’’ In 1738 mem- 
bers of the French Academy had tried 
to measure the attraction of Chimborazo 
in South America, with inconclusive re- 
sults. Bouguer, who reported the at- 
tempt, proposed that a similar experi- 
ment be tried in France or England. In 


1772 Maskelyne proposed to the Royal 
Society that ' ' the Attraction of some Hill 
in this Kingdom be measured by Astro- 
nomical Observations. ’ ’ The proposal 
was approved, and in 1773 Charles 
Mason was sent north to find a hill "of 
sufficient height tolerably well detached 
from other hills, and considerably larger 
from East to West than from North to 
South.” He chose Scliehallien in Perth- 
shire, Scotland. 

Maskelyne established an observatory 
on the south face of Scliehallien in the 
early summer of 1774. He set up Jona- 
than Sisson’s zenith sector and mea- 
sured the zenith distances of stars in 
Mason’s table as they passed the merid- 
ian. Then his instrument was carried 
over the mountain to its north face where 
similar observations were made of the 
same stars. The difierences made it ap- 
pear that the instrument had been moved 
54.6 seconds of arc northward. The 
difference in latitude was independently 
found by two triangulation surveys from 
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two carefull}’' measured base lines on the 
plain below the mountain. Both agreed 
in placing the second station 42.94 sec- 
onds of are noidh of the first. 

The difference — 54.6 less 42.94, or* 
11.66 seconds — was attributed to the de- 
flection of the plumb line of the zenith 
sector by the mountain. During the 
triangulation the dimensions of the 
mountain were measured, its rocks were 
surveyed, and its mean density was 
estimated. The deflection of the plumb 
line permitted an estimate to be made of 
the mean density of the Earth. In this 
project instruments were used that have 
been met before: Sisson’s zenith sector; 
John Shelton’s clock; and the Royal 
Society’s 5-foot brass standard. 

The last quarter of Charles Mason’s 
life was spent on projects that grew 
out of his earlier work at Greenwich 
Observatory as assistant observer to 
Astronomer Royal Bradley. From 
studies of Bradley’s records Mason pre- 
pared tables for the Nautical Almanac 
and he was able to improve Mayer’s 
Tables of the Moon by comparing them 
with the Greenwich records. 

The Nautical Almanac was established 
by Nevil Maskelyne in 1767, immediately 
after his appointment as Astronomer 
Royal, and it has appeared annually ever 
since. In the first issue the latitudle and 
longitude of Cape Town are given as 
found by Mason and Dixon in 17 61. The 
comment follows that ‘‘it is probable 
that the Situation of few Places is better 
determined.” 

To the Almanac for 1773 Mason con- 
tributed a catalogue of stars. The 
preface, written by Maskelyne, states : 

To this Epliemeris are annexed ... a Cata- 
logue of 387 fixed Stars . . , adapted to the 
beginning of the year 1760 . . . calculated 
from the late Dr. Bradley ^s Observations by 
Mr. Charles Mason, formerly his Assistant. . . . 
After the Catalogue follow some Memoranda 
. , . communicated by the same Mr. Mason. 


The issue for 1774 first introduces 
Mason’s improvements of Mayer’s Lunar 
Tables. The preface written by Maske- 
lyne on July 2, 1772, states: 

To this Epliemeris are annexed 1220 Longi- 
tudes and Latitudes of the Moon deduced from 
the late Dr. Bradley ^s Observations. . . . The 
greater part of these calculations were made 
during Dr. Bradley’s Lifetime by himself and 
his Assistant Mr. Charles Mason; and what 
was left unfinished has been completed by Mr. 
Mason since at the Instance and at the Expence 
of the Board of Longitude. 

A Series of Observations this for Number and 
Exactness far excelling anything of the same 
kind which the World ever saw before. . . . 

Accordingly the Board of Longitude have 
thought proper to employ Mr. Mason farther in 
making the necessary calculations for improving 
Mayer ’s printed Tables under my Direction. . . . 

The introductory pages of the Alma- 
nac for 1776 include a digest of legisla- 
tion of the fourteenth year of King 
George III which had become effective on 
June 24, 1774. Rewards were set for 
timepieces, lunar tables, and other aids 
to navigation and finding the longitude. 

References to new work by Mason ap- 
pear in the prefaces to the Nautical 
Almanac for 1777 and for 1788. Finally, 
in the preface to the Almanac for 1798, 
which he signed on December 2, 1791, 
Maskelyne summarizes Mason’s work on 
the Moon’s position: 

The Moon’s Place in the Heavens was in- 
serted as calculated directly from Mayer ’s 
Tables in the Nautical Almanac from 1767 to 
1776 inclusive, or the first ten years, 

But from the Nautical Almanac of 1777 to 
that of 1788, both inclusive, or the next twelve 
years, the Moon’s Place was inserted as calcu- 
lated from new Tables, improved from Mayer’s 
Tables, composed by Mr, Charles Mason. . . . 

But from the Nautical Almanac of 1789 to 
1796, both inclusive, the Moon’s Place w^as in- 
serted as calculated from new Tables, still 
further corrected by Mr. Mason, entitled by him 
the Tables of 1780, as having been completed 
about that time. . . . 

Maskelyne then proposes small correc- 
tions to Mason’s Tables. 

February 9, 1765, is a cardinal date in 
the story of Mayer’s Tables, for on that 
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day Astronomer Royal Maskelyne laid 
before the Commissioners of Longitude 
reports of his own success in using the 
Tables for finding the longitude on his 
recent voyages to St. Helena and to the 
Barbados and also reports from masters 
and mates of ships of the Bast India 
Company. Upon hearing the evidence 
the Commissioners adopted resolutions 
to print Mayer’s Lunar Tables, to seek 
authority from Parliament to establish 
a Nautical Almanac, and to pay to the 
widow of Mayer (for he had died in 
1762) a sum not to exceed £5,000. The 
widow Mayer was .granted £3,000. The 
Tables were published in 1770, and 
Maskelyne signed the preface to them 
on February 23 of that year. 

Mason’s tables of 1780 were published 
by the Commissioners of Longitude in 
1787 under the title Mayer^s Lunar 
Tables improved by Mr, Charles Maso7i. 
Mason never saw them in print. At the 
close of the eighteenth century Mason’s 
were the most esteemed tables of the 
Moon. They were used in preparing The 
Nautical Almanac and in computing La 
Comiaissance dcs Temps, 

James Bradley had not published his 
Greenwich observations. In law they 
proved to be his personal property, and 
after his death they were claimed suc- 
cessfully by his only child, a daughter, 
and her husband, the Reverend Samuel 
Peach. They in turn gave the records to 
Oxford University where Bradley had 
studied and had held the Savilian pro- 
fessorship of Astronomy. The first of 
Bradley’s records to be published was 
the catalogue of stars that Mason pre- 
pared for the Nautical Almanac of 1773. 
The Clarendon Press of Oxford Univer- 
sity undertook the publication of all the 
records. The first volume appeared in 
1798 under the editorship of Professor 
Thomas Hornsby. It includes Mason’s 
star catalogue. Mason and Hornsby 
carried on an extensive correspondence 
about the Greenwich records that un- 


doubtedly aided in preparing them for 
the px'ess. The second volume, edited by 
Dr. Abram Robertson, appeared in 1805. 
Finally in 1832 there was published The 
Miscellaneous Works and Correspon- 
dence of Reverend James Bradley under 
the editorship of Professor S. P. Rigaud. 

Jeremiah Dixon was made a fellow of 
the Royal Society on November 18, 1773. 
Little appears to be known of his remain- 
ing years. A bachelor, he died at his 
birthplace in Cockfield, Durham County, 
in 1779, where his father owned and 
operated a coal mine. Descendants of 
his brother have attained distinction as 
engineers and as amateur astronomers. 

After long years the Commissioners 
granted Charles Mason £750 for his ser- 
vices to navigation in improving Mayer ’s 
Tables; his annual pay had been meager. 
On September 27, 1786, he wrote to 
Benjamin Franklin that he had just 
arrived in Philadelphia with a wife, 
seven sons, and a daughter, all in help- 
less condition; that he was ill and con- 
fined to his bed. It is not known what 
had brought him to America again ; it is 
possible that it was the opening of the 
public land survey in eastern Ohio. 
With his letter to Franklin he enclosed 
a sketch of an astronomical project that 
would involve little expense. 

Early in November 1786 Philadelphia 
newspapers announced that Mason had 
died there on October 25, and that while 
ill he had given his manuscripts and 
scientific papers to the Reverend John 
Ewing, provost of the University of 
Pennsylvania. Mason had known Ewing 
as a mathematician and astronomer of 
his own age who had served as a com- 
missioner for Pennsylvania during the 
survey of the boundaries. No trace of 
the manuscripts and papers or of the 
astronomical project has been found. 

Nevil Maskelyne long outlived his two 
contemporaries. He died with the har- 
ness on his back at Greenwich Observa- 
tory in 1811, at the age of seventy-nine. 
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The Nautical Almanac, first issue, London, 
1767. 
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SCIENCE ON THE MARCH 


FROM DUNGEON TO MANSION 


In the February SM under the title 
'‘From Dungeon to Tower I described 
and illustrated our present inadequate 
quarters in the Smithsonian Institution 
Building and I appealed again to our 
readers to contribute to our building 
fund. According to Dr. H. A. Meyer- 
hoff, who records and acknowledges the 
receipt of building fund cheeks, the in- 
flux of contributions was accelerated by 
the publication of that doleful tale. As 
a few checks were sent directly to me by 
readers of the. article, I know that it was 
not without effect. Therefore, on behalf 
of the Association, I thank those who re- 
sponded to this and to previous appeals 
in the SM. 

By the time the present article ap- 


pears all readers of the A.A.A.S. Bulle- 
tm and Science will know that their con- 
tributions were not in vain; that they 
enabled the Association to take advan- 
tage of an extraordinary opportunity to 
acquire at a reasonable price the most 
desirable property for our purposes in 
the city of Washington. If we had had 
the right of eminent domain and unlim- 
ited funds, I think we would have chosen 
the same spot. If there are any read- 
ers of the SM who have not seen the 
A.A.A.S. Bulletin for May, I urge them 
to get it and read Dr. Moulton's lucid 
and complete story of our future home 
and its acquisition. I can add nothing 
to his account except the photographs 
and sketches here published. 



FIG-. 1. THE NEW CAMPUS— SCOTT CIRCLE 

AS SEEN FROM A WEST WINDOW OF TE[E HEADQUARTERS BUILDING. HERE POUR STREETS INTERSECT, 
ALL BUT ONE BEING ARTERIAL HIGHWAYS, OTHER SCIENTIFIC INSTITUTIONS ARE LOCATED NEARBY. 
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From the top of the terrace in front Daniel Webster.' The equestrian statue 
of the west side of the mansion shown of General Winfield Scott occupies the 
below the photog-rapher directed his center of the Circle. In the right fore- 
camera toward Scott Circle. The result- ground beneath the large ginkgo tree 

ing view from the house is seen in Figure .stands a memorial to S. C. F. Hahne- 

1. The statue in the distance is that of mann, the founder of homeopathy. 



FIG. 2. THE NEW HEADQUAETBES OF THE A.A.A.S. 

AT 1515 MASSACHUSETTS AVENUE, WASHINGTON 5, D.C. THIS MANSION WILL HOUSE THE ADMINIS- 
TRATWE AND EDITORIAL OFFICES OP THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OP SCIENCE. 
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EIG. 3. FOUR HOUSES ON THE A.A.A.S. PROPERTY 

AT THE BASE OP THE TRIANGLE SHOWN IN FIGURE 4. THE RENTALS PROM THESE HOUSES WILL 
PRODUCE REVENUE FOR THE ASSOCIATION UNTIL THEY ARE REPLACED BY A MODERN OFFICE BUILDING. 


Figure 2 shows the 26-room, red-brick 
mansion that we shall occupy. The west 
side of the house, surmounted by two 
chimneys, faces Scott Circle. The en- 
trance, between the glassed porch and 
the two-story bay, faces Massachusetts 
Avenue and bears the number 1515. 

The headquarters building is one of 
five on the Association’s property. The 
four remaining houses, totaling 47 rooms, 
are pictured in Figure 3. They consti- 
tute a solid red-brick row on Fifteenth 
Street. The entrance to the house 
capped by a dome is on Massachusetts 
Avenue. The occupants of these room- 
ing houses will become tenants of the 
Association. 

Figure 4, a plat of the property, shows 


the lots on which the five houses stand. 
Figure 5 shows that the Association’s 
property is a small city block bounded 



EIG. 4. PLAT OP THE PROPERTY 

THE HEADQUARTERS BUILDING STANDS ON THE 
LOT AT THE APEX OF THIS BLUNT TRIANGLE. 
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riG. 5. THE CBNTEAL LOCATION OF THE A.A.A.S. SITE 

EASILY ACCESSIBLE BY ALL FORMS OP TRANSPORTATION, THE A.A.A.S. SITE IS NEAR OTHER SCIENTIFIC 
INSTITUTIONS: (1) CARNEGIE INSTITUTION OP WASHINGTON; (2) SCIENCE SERVICE; (3) AMERICAN 
COUNCIL OP LEARNED SOCIETIES; (4) NATIONAL EDUCATION ASSOCIATION; (5) AMERICAN CHEM- 
ICAL SOCIETY; (6) NATIONAL GEOGRAPHIC SOCIETY; (7) BROOKINGS INSTITUTION; (8) COSMOS ('LUB. 


on the north by N Street, on the east 
by Fifteenth Street, on the south by 
Massachusetts Avenue, and on the west 
by Seott Circle. Strictly speaking, this 
area of 9,275 sq. ft. is a trapezoid, but 
I think of it as a blunt triangle. On a 
somewhat larger triangle on the other 
side of N Street stands a modern man- 
sion of the embassy type. 

The purchase of the triangle on Seott 
Circle not only raises our hopes for the 
distant future but relieves our minds 
about the immediate future. It was im- 
perative that a solid shelter be secured 
for the staff of Science before winter. 
Now we not only have a building in 
which we can all work together but we 
ha^^e a home that will suffice until it be- 
comes possible and advantageous to build 


a permanent structure for the Associa- 
tion and for those affiliated societies that 
wish to be housed with the Association. 

Let it not be supposed thar our build- 
ing-fund campaign is concluded. To 
purchase the property the money so far 
provided had to be supplemented by 
funds from general operations of the 
Association. Furthermore, we shall have 
to pay for repairs and maintenance of 
the old buildings. We have merely taken 
the first important step that will lead 
eventually, we hope, to the construction 
of a modern building for the Association 
on the splendid site that we have ac- 
quired. 

Science, as represented by the Associa- 
tion, is on the march ! 

F. L. Campbell 
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GOLD SHADOWING IN ELECTRON MICROSCOPY 


The- electron microscope has been the 
subject of discussion in this magazine at 
least three times, but since this is a de- 
veloping invention there is more to be 
reported now. The purpose of this paper 
is twofold: (1) to bring a few nontech- 
nical references to the attention of read- 
ers,- and (2) to report an important new 
development known as gold shadowing, 
by means of which a third dimension in 
the specimen under observation can be 
made evident and even measured. 

In The Scientific Monthly for Au- 
gust 1939 (pp. 189-192) P. R. Moulton 
reported an address by V. K. Zworykin, 
who had returned from Europe with 
news of the latest developments in the 
microscope up to that time. Dr. Moul- 
ton, with his background of knowledge 
of the difficult astronomical problem of 
separating close double stars, was able to 
set forth clearly the basic reasons why 
this new method of taking photographs 
with a beam of electrons will give a far 
more highly magnified image of minute 
structures than can possibly be given 
with a microscope using light, even ultra- 
violet light. 

Another early paper published in The 
Scientific Monthly (pp, 337-341, April 
1941) was prepared by Theodore A. 
Smith, of the RCA Laboratories. It de- 
scribes the form of electron microscope 
already being manufactured by RCA for 
use in research institutions. A compari- 
son is made between this instrument and 
the ordinary light microscope showing 
that their parts are analogous but that 
where one uses lenses for focusing, the 
other employs electric coils to guide the 
negatively charged electrons to their 
focus. Also, the general principles of 
magnification by means of electrons are 
covered in nontechnical language. 

Three years later V. K. Zworykin, Di- 
rector of Research at RCA, and James 
Hillier contributed to The Scientipic 


Monthly of September 1944 (pp. 165- 
179) a good, detailed account of the 
electron microscope and its work. The 
gold shadowing process had not then 
been perfected and was not mentioned in 
this paper. 

Gold shadowing, or shadow-casting, as 
it is also called, is a preparatory process- 
ing of the specimen before it is put into 
the microscope to be photographed. Its 
purpose is to bring out stronger contrasts 
in the picture and to show the heights 
of irregularities on the surface of the 
specimen. 

As carried out by Ladislaus Marton, 
one of the developers of the process, 
working at the electron optics laboratory 
of Stanford University, shadowing is 
very similar, to aluminizing an astronom- 
ical mirror. (Pig. 1.) A bit of gold is 
evaporated in a vacuum and is allowed 
to deposit on the object to be magnified 
by the microscope. Atoms of the vapor- 
ized metal naturally fly off with consider- 
able speed from the source of heat, and 
some of them fall upon the microscopic 
specimen. The result is a thin film, less 
than .000,001 mm. thick on the specimen. 

The specimen for the microscope and 
a tungsten filament with a little gold on 
it are both put under a bell jar. The sur- 
face of the specimen to be coated with 
gold is set several centimeters from the 
hot filament. Its surface is not turned 
directly toward the filament, but is tilted 
about 70° away. Air is then pumped 
from the bell jar, and the filament is 
electrically heated to evaporate the gold. 
Every upward projection on the speci- 
men will intercept the falling gold par- 
ticles as a hill or a house cuts off sunlight 
and easts shadows on the landscape. 
The result is a “ shadow ’’ on the speci- 
men where no gold falls. The angle of 
70° corresponds to the angle at which 
the sun’s rays fall upon the earth in the 
late afternoon when shadows are long. 
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Cotirtesy of L. Marion 
FIG. 1. ELECTRON MICROSCOPE 

THE ADJACENT PHOTOGRAPH WAS TAKEN WITH 
THIS MICROSCOPE AT STANFORD UNIVERSITY. 

The specimen thus gilded is put into 
the electron microscope and photo- 
graphed in the usual way. Electrons can 
pass through the shadowed places where 
there is no gold film, and when these 
electrons reach the sensitized plate they 
darken it (in the negative) as light would 


do. But the gold film, thin as it is, pre- 
vents electrons from passing through it 
and therefore from ever reaching the 
plate. These unexposed parts of the 
photographic plate remain clear. Thus 
the original negative (or a double print- 
ing, to provide the picture in negative 
form on paper) presents a view such as 
is seen in Figure 2. 

A gold-shadowed electron micrograph, 
as compared with an unshadowed micro- 
graph, shows the same improved clarity 
of relief that may be seen in a telescopic 
view of the new moon. Contrasted witli 
the almost featureless full moon, the 
strong lights and shadows of the quarter 
moon show mountains and craters, hills 
and valleys, with great distinctness. 

It should be said, however, that not all 
microscopic subjects require shadowing; 
the great density and correspondingly 
low transmitting power for electrons that 
is natural in some specimens is sufficient 
to show clear outlines, although without 
showing thickness or relief. It is the 
delicate specimens such as virus par- 
ticles, nearly transparent to electrons, 
that require sliadowing in order to make 
them stand out plainly. 

As the astronomer can measure the 
height of a lunar mountain peak or 
crater rim by measuring the length of its 
shadow and taking into account the slant 
of the sun’s rays, so the biologist with 
his gold-shadowed picture can measure 
the thickness of a virus particle or a bac- 
terium in the same way. 

Metals other than gold have been 
tested for shadowing. Chromium was 
used but its minute structure is such 
that a chromium film must be about ten 
times as thick as a gold film in order to 
intercept the electrons. Gold is fine- 
grained, and its heavy atoms cheek the 
progress of electrons. 

The first published report of shadow- 
casting appeared in a paper by Ladislaus 
Marton and L. I. Schiff, in the Journal 
of Applied Physics (12, pp, 759-765, 
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1941). Antimony was being* evaporated 
onto a collodion film, and the observance 
of shadows behind dust particles was in- 
cidental to the main work in hand, which 
was a study of various kinds of films. 

Three years later R. C. Williams and 
R. W. G. Wyckoff, of the University of 
Michigan, in a paper published in the 
Journal of Applied Physics (15, pp. 712- 
716, 1944) showed that height determina- 
tions can be made from such shadows. 
These two workers have since reported 
improvements in metal shadow-casting. 
Their most recent article {Journal of 
Applied Physics, 17, pp. 23-33, January 
1946) shows beautifully shadowed speci- 
mens magnified up to 60,000 times. The 
text of the article may be found a little 
technical for the general reader unac- 
quainted with previous explanations. 

Only illustrations can convey to the 
mind any true conception of the meaning 
of magnifications around 50,000. The 
following bizarre comparison will per- 
haps be as eifective as any other in giving 
the true significance of the high magnifi- 
cations possible with the electron micro- 
scope. If a woman ’s hair a foot in length 
could be made to appear 50,000 times its 
real dimensions, it would be 10 miles long 
and each individual strand of hair would 
be 10 feet in thickness ! 

The micrograph used on the front 
cover of the January 1946 Journal of 
Applied Physics, illustrating the article 
by Williams and Wyckoff, shows those 
small aggregations that approach true 
molecular dimensions and so are named 
''macromolecules.^’ In the same article 
is shown another illustration of macro- 
molecules of an organic compound, ac- 
centuated by gold shadowing and then 
enlarged to more than 50,000 diameters. 
The particles in this illustration, stand- 
ing like scattered trees, "cast their long 
shadows on the level ground surface. 



Photo hy Rawlins and Marton 

PIG. 2. TOBACCO MOSAIC VIRUS 


A GOLD-SHADOWED VIEW OF VIRUS RODS MAG- 
NIFIED 40,000 TIMES. NOTE ALSO THE BACTE- 
RIUM WITH ITS LONG AND SINUOUS FLAGELLUM. 


An informative, nontechnical, and 
highly novel discussion of electron mi- 
croscopy is to be found in the Sigma Xi 
magazine American Scientist (pp. 247- 
254, July 1943). Adopting Lewis Car- 
rolUs style, Ladislaus Marton conducts 
Alice through ‘ ‘ Electronland ” and in- 
terprets her wondering comments by ex- 
planatory notes of his own that throw 
light on the eerie situations in which she 
finds herself among the weird but real 
creatures brought out of oblivion by the 
electron microscope. 

William T. Skilling 

San Diego, Cal. 


COMMENTS AND CRITICISMS 


Another Error ? 

The February issue of Beader^s Digest eon- 
taiued au article by Oweu Johnson which it 
credited t ) The Scientific Monthly of Janu- 
ary 1946. In this article Mr. Johnson, in re- 
ferring to the Civil War battle between the 
Monitor and Merrimack, is quoted as stating 
that ‘ ^ there was no question of where the victory 
lay.^^ 

I have not had access to the original article, 
but, if Mr. Johnson is quoted correctly [he is], I 
believe that his statement is not correct. In fact, 
Southerners to this day insist that the Merri- 
mack was the better ship and they base their 
claim on the fact that on two occasions subse- 
quent to the original battle she challenged the 
Monitor to fight, but the Monitor would not do 
so. For a period of two months after the battle 
there was acute apprehension, at times bordering 
on panic, lest the Merrimack steam past the 
Monitor at Hampton Roads, put out to sea, and 
proceed to bombard Northern cities. For de- 
fense against this danger, Federal officials relied 
not on the Monitor, but on ocean liners sent to 
Hampton Roads with instructions to ram the 
Merrimack should she venture to get out into the 
high seas. As for the Monitor, Washington offi- 
cials who knew her warned that she was not 
capable of coping with the Merrimack and she 
was ordered not to attack the Southern ship un- 
less the latter got into a position where the 
ocean liners could ram her. — Robert Stanley 
McCordock. 

Three in One 

The paper ‘ ^ The Strange Trinity Called 
Man’ ’ by A. Boyajian, which you printed in the 
April issue of The Scientific Monthly, I think 
was most excellent. You should be commended 
for printing it. Whether the personality of a 
human being is actually divided up as he indi- 
cates, I am not in a position to offer an opinion, 
but whether that is a fact or not, I think his 
paper is worthy of careful consideration, as it 
sets the personality problem forth in rather a 
novel light. 

Perhaps I should say that I have been inter- 
ested in psychology and psychiatry for some 
years, you might say as a hobby, but of course 
strictly as a layman. I have thought for some 
time of the human being as not a unit of per- 
sonality, but as a family of personalities in one 
body; although I had not thought this out 
enough to put any limit to the family, or to 
give any definite characteristics to the different 
members, as Mr. Boyajian has done. 


I certainly hope that some of our eminent 
psychologists and psychiatrists see fit to com- 
ment on this paper, and that you will print the 
same in a future issue of The Scientific 
Monthly. 

I think this should convey to you my appre- 
ciation of this paper, and I will not intrude 
further on your time. I will only add that there 
are many other papers in The Scientific 
Monthly that I find very interesting, but which 
do not quite move me to the point of writing you 
about them. — Harold L. Deyoe. 

St. Paul and Psychiatry 

It grieves me to see hypocrisy in the writings 
of my fellow technical men. This is a word most 
frequently thrown at religionists but I think it 
applies as well to A. Boyajian, author of ^ ^ The 
Strange Trinity Called Man ’ ’ in the April 1946 
Scientific Monthly. 

First, because this article gives out unscien- 
tific opinions under the guise of scientific fact. 
It seems trite to mention that science is an abso- 
lute body of knowledge gathered by trained ob- 
servers using the method of observation, experi- 
ment, and experience. Is it unreasonable to ask 
how in the name of science one is to accept Mr. 
Boyajian ’s analysis of St. Paul’s experience on 
the road to Damascus? ^Was you dere, 
Charlie?” Is Mr. Boyajian ’s analysis more to 
be trusted than St. Paul’s own description of his 
experience ? 

Second, because a biased opinion is here given 
under the guise of being unbiased. So many 
fine things have been said by men of science 
about ‘ ‘ unbiased facts ’ ’ that we have grown to 
think of the two as being synonymous. One does 
not have to be a mind reader to recognize Mr. 
Boyajian ’s opinion of St. Paul as being biased. 
We have come to associate bias and bigotry with 
eeelesiasticism. Is it possible that some of us 
prefer scientific” bigotry to religious bigotry? 
Science forbid! 

Mr. Boyajian ’s selection of Scripture refer- 
ences to illustrate his points reminded me of the 
classical Biblical injunction to commit suicide 
immediately. '‘Judas . . . departed and wont 
and hanged himself ” (Matt. 27: 5). "... Go 
and do thou likewise” (Luke 10: 37). " . . . 
That thou doest, do quickly” (John 13: 27). 
Judging from the manner in which Scripture is 
used in this and other articles in The Scientific 
Monthly it seems to me not absurd to suggest 
that these writers could with profit spend some 
time in a Sunday School. — ^Paxjl W. Holloway. 
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Thanks, Mr. Wormser! 

I was startled to see hi the April number of 
The Scientific Monthly in the most interest- 
ing article by Mr. A. Boyajian the letter from 
Cotton Mather to John Higginson. This letter 
has been repeatedly shown to be a pure forgery. 
In T. J. Holmes^ Cotton Mather Bibiliography, 
pages (1299) to 1300^ you will find a full ac- 
count of this hoax in which are reprinted the^ 
remarks of Mr. Samuel A. Green at the 1908 
meeting of the Massachusetts Historical Society, 

This spurious letter perennially reappears, gen- 
erally in learned publications, in spite of repeated 
published exposes. — Richard S. Wormser. 

Some Like It Hot . . . 

May I congratulate you and your associates 
on the manner in which you have broadened the 
range of interest of The Scientific Monthly. 

In the last [August] issue I was particularly 
impressed by the article on religious truth. In 
the current issue the articles by Black and 
Weltfish are especially impressive. 

Naturally, The Scientific Monthly must 
have articles which are predominantly scientific 
and experimental. However, nothing in the 
field of science is more important today, it 
seems to me, than the discussion of values as 
contrasted with facts, morals as contrasted with 
materials, and idealism as contrasted with 
pragmatism. 

If the atomic bomb has not made this obvi- 
ous, then there .is no hope for the human race. 
The atomic bomb represents a collection of 
facts; the decisions as to how the bomb is to 
be made use of must be based on an agreement 
in respect to fundamental values. Therefore, 
it seems to me that such discussions as those 
referred to in the Monthly, and other articles 
on religion and morals written from a scien- 
tific viewpoint, are highly appropriate for the 
Monthly. — ^Henry C. Link. 

Some Like It Cold . . . 

I subscribed to The Scientific Monthly with 
the hope and pleasant expectation of reading a 
magazine completely devoted to science. It is 
with deep regret that I see that I made a mis- 
take. Unless you want deliberately to deceive 
your readers you must change the title of the 
magazine to something like: Religion and Sci- 
ence, or Bible Stories. . . . 

If you continue to disgrace the pages of your 
magazine with metaphysical rubbish I will dis- 
continue my subscription. 

Yours for a real Scientific Monthly, 

J. M. Martinez 


A Soft Answer . . . 

Dear Professor Transeau: 

Thank you for sending me a copy of your 
letter to Dr. Campbell and for giving me an 
opportunity to reply. First, as to some matters 
of fact; 

(1) In my article [Basic English for Science, 
March SM] there was no designation of any 
particular book to which my student ^s letter re- 
ferred. I do not know what book she had in 
mind. It might have been any botany text avail- 
able to OSU students. If you feel that a book 
in which you are interested is in question, you 
are assuming an onus which was not intended. 
You say, quite correctly, that your text and 
teaching methods are not properly described in 
my student’s letter. Why, then, call them into 
question? The quotation, which you designate 
as ‘ ^ alleged, ’ ’ is not taken from your book. 

(^) The implication in your use of ‘^pur- 
loined ’ ’ is unjust. The letter was used vsdth the 
student’s permission. I believe that you will 
agree that in withholding the student’s name, I 
was only acting with ordinary discretion. 

(S) I chose a specimen of Lyell’s prose be- 
cause it is not extremely technical. I could 
easily have found . specimens more in need of 
simplification; to choose these would have 
seemed like begging the question. 

(4) Basic English versions have been made 
of many of the English classics, including one of 
the three you mention. These versions are in- 
tended to serve as introductions for Basie read- 
ers whose mother tongue is not English. 

There remain the two questions as to whether 
the language of some science texts might be 
simplified and whether Basic can help in this. 
These questions are matters of opinion, and I do 
not need to add here to what I have already 
stated. I do feel, however, that the increasing 
demand for simplification made by our students 
is being amply supported by many scientists and 
technicians. One Monthly subscriber wrote to 
me saying, in part: “Your article in the March 
Scientific Monthly ought to be required read- 
ing for a good many of the the people who 
write scientific books and articles.” Another: 
^ ‘ I think that the point which you make should 
be given serious consideration by all writers in 
science, and I am pleased that the editors of SM 
have endorsed it.” t shall be glad to open to 
you. Professor Transeau, my complete corre- 
spondence file on this article. 

Thanking you again and assuring you of my 
personal esteem, I remain. 

Sincerely yours, 

Tom Burns Haber 
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THE BROWNSTONE TOWER 


The flag on the 
Brownstone Tower 
now flies at half- 
mast for Chief Jus- 
tice Stone. The sky 
is cold and gray, 
and the Smithso- 
nian is almost de- 
serted on this last 
Saturday in April. 
But Spring will not 
remain long in mourning. She will appear 
again more resplendent than ever until every 
tree is fully clothed in green. She came first 
in March in a yellow burst of Forsythia. 
Then she displayed her cherry blossoms and 
apple blossoms, and now her principal at- 
traction is pink and white dogwood. 

With blossom time come visitors to Wash- 
ington. By automobile and bus, by train and 
plane, they converge upon the nation^s 
capital. High school boys and girls are 
getting the thrill that comes but once as they 
gaze upon Washington for the first time. 
They climb the stairs of the Monument and 
see all the sights in the daytime. They are 
too excited to sleep and finally go home 
exhausted but very happy. 

One visitor made me aware of the preva- 
lence of a tree that bears pyramids of violet- 
purple flowers. It is called the royal pau- 
lownia and is related to catalpa. From one 
of the bridges across Rock Creek Park it can 
be seen as a purple canopy along the stream. 
This spectacular tree was introduced from 
China^ — many years ago, no doubt, for a 
hollow veteran stands near the Smithsonian. 
Old Hi Ho believes that a bear hibernates in 
that tree. He never passes it in winter with- 
out mischievously tossing something into a 
hole in the trunk to stir up the alleged animal. 

By the time this issue reaches the reader 
another exotic tree, Alhizia julihrissin, will 


be in bloom. Tliis low, crooked tree deserves 
to be called feathery, for the pinnae are 
small and numerous. It is named the silktree, 
perhaps because its pink flowers are as fine 
as silk. Here at the northern limit of its 
range the silktree ornaments many a street 
and yard, blooming through June and July. 
Near the Washington Cathedral one may sit 
on a bench under the shade of a silktree to 
■wait for a bus. 

Speaking of busses, I should like to say 
a good word for the Capital Transit Com- 
pany and its employees. Having sold my 
car during the war, I am now dependent on 
public transportation to move me and my 
briefcase between the Brownstone Torver and 
my home in Rockville, Md. I take a street 
car to the District Line and a bus from there 
to Rockville. One night I worked in the 
Tower later than usual in order to complete 
the contents of an envelope for the printer. 
It was doubtful that I could mail the envelope 
and catch a streetcar in time to make my bus. 
I walked as fast as I could across the Mall 
to Ninth and Pennsylvania Avenue where 
my streetcar was in sight. Lacking time to 
put niy envelope in a mailbox, I boarded the 
ear and consulted Operator 3032. He solved 
my problem; at Fourteenth and Pennsyl- 
vania Avenue he stopped the car long enough 
for me to get out, drop my envelope in a box, 
and return to the ear — a service that must 
have been unprecedented in the heart of a big 
city. Yes, I caught my bus. 

There are no subways in Washington as- 
yet, but numerous rush-hour busses and 
streetcars enable the passenger to travel ex- 
peditiously. A free map of the transit sys- 
tem is easy to obtain, and if one buys a 
weekly pass, he can ride easily and inexpen- 
sively wherever business or fancy dictates. 
I like Washington. 

F. L. Campbell 
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A STUDY OF THE PINE RIDGE SIOUX 

Warrio7's without Weapons. Gordon Maegregor, 

with the collaboration of Royal B. Hassriek 

and William E. Henry. 228 pp. Illus. $3.75. 

The University of Chicago Press. 1946. 

It is lieax'tening to witness a gain in 
the scientific approach to Indian admin- 
istration. Although confronted with a 
social problem of contacts between two 
races and the impact of superior’’ 
Western culture on the life-way of pre- 
literates, the Indian Service has come, 
somewhat belatedly, to call upon stu- 
dents of man to institute studies toward 
an intelligent policy of Indian education. 
It was scarcely ten years ago that former 
Commissioner Collier opened the Service 
to anthropologists. At first they were 
viewed with suspicion and assigned to 
a wide variety of tasks ranging from 
community worker to reporting how 
proposed constitutions for tribal govern- 
ments would fit the social organization 
and present condition of tribal communi- 
ties ; it was not expected that their find- 
ings would lead to formulation of policy. 
Of the first class of ^‘applied” anthro- 
pologists who had their introduction to 
Government and their eyes opened in 
the Indian Service a majority went on to 
tasks outside the Service, but one has 
become an Assistant Commissioner, and 
Gordon Maegregor stayed on in the Edu- 
cation Division, carrying over the tra- 
dition of ethnological field studies to its 
application in research for Indian edu- 
cation. He is currently superintendent 
of the Tongue Eiver Indian Agency, 
Mont. 

The Indian Education Research Proj- 
ect, of which this volume is the second of 
five integrative studies, brought together 
members of the Committee on Human 
Development, of the University of Chi- 
cago, and the United States Office of 


Indian Affairs. To the cooperating 
moieties who, in keeping with the times, 
had a coordinator, there was appended 
an Advisory Committee comprised of 
nineteen big-name anthropologists, psy- 
chologists, and analysts, and Indian spe- 
cialists who participated in varying de- 
grees. At the operational level, the 
Sioux Project Staff under Maegregor 
enrolled a second anthropologist, Hass- 
riek, from the University of Pennsyl- 
vania, and enlisted as field workers 
mainly members of the educational and 
medical staffs of the Pine Ridge Agency. 
This unit was one of five such teams 
studying the Sioux, Hopi, Navaho, Pa- 
pago, and Zuni tribes, and they had as 
their over-all objective ^‘ ... to investi- 
gate, analyze, and compare the develop- 
ment of personality ... in the context 
of the total environmental setting — socio- 
cultural, geographical, and historical — 
for implications in regard to Indian Ser- 
vice administration. ’ ’ The entire project 
was intended as the first step in a long- 
range ‘plaii of research, which would 
attempt ultimately to evaluate systemati- 
cally the entire Indian administrative 
program, with special reference to a new 
policy that recognizes Indians as indi- 
viduals. If, as we hope, the findings of 
such studies are taken seriously, we may 
see fulfilled the application of scientific 
methods toward increasing the effective- 
ness of Indian administration. 

Beginning in 1941, the research pro- 
gram sought a common method for co- 
opting the resources of a large group in 
the University of Chicago who repre- 
sented related disciplines in the social 
and medical science fields. Each spe- 
cialty contributed such techniques as 
were suited to developing a common 
methodology, training field workers, do- 
ing field work, and analyzing and inter- 
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preting* data. Wliat kind of results 
followed on applying* the emergent 
'‘method of soeiopsychological analysis 
to one of the five tribes ? 

The Sioux Project did not attain its 
goal of investigating the personalities of 
one thousand children, selected by age 
groups from six to eighteen years old and 
representing two or more communities in 
each tribe, in the context of the total 
environmental setting. School children 
were accessible for observation and test- 
ing, and they underwent a battery of 
psychological tests (both projective and 
performance) ; to get life histories par- 
ents were interviewed, as were teachers 
and other members of the community; 
medical examinations filled out the pic- 
ture. This field work was combined with 
analysis at the University. Present 
Sioux culture was studied on the reser- 
vation, and for history and the physical 
environment an abundant literature 
existed. 

Kyle, Wanblee, and Pine Kidge town 
were the three districts selected for study 
as showing varying adaptations to white 
culture. The first, an Indian school dis- 
trict comprising several native communi- 
ties, received greatest attention. The 
second, a farmers' market town that lost 
its white population during the depres- 
sion, resembles the first in racial compo- 
sition. Pine Ridge, the Agency town, 
shelters white civil servants, mixed 
bloods, and Indian wageworkers. With 
an eye to racial composition of the tribe, 
Sioux children, aged six to eighteen, were 
selected at random from the day schools 
and from one boarding school of these 
districts for psychological testing. Case 
histories were assembled, however, for 
only 166, of whom 40 percent were full 
bloods. 

The method of testing and interview- 
ing is adequately explained and can be 
reviewed elsewhere. What interests us 
is how such information was interpreted 
against the background of the Pine Ridge 


community and Sioux culture. Of par- 
ticular significance is the influence of 
changing Sioux culture on present social 
disorganization, with attendant reper- 
cussions on personality orientation. 

While not negating the biological basis 
of personality, Macgregor's research fol- 
lows the "... thesis that personality 
and individual development ..." fol- 
low a number of complex processes — 
organic, psychological, social — which 
" . . . operate to influence and shape 
personality and behavior." The study 
makes one further assumption — that the 
whole personality reacts in any given 
situation of overt behavior in response 
to some "need," objective, or purpose of 
the individual. Meaning of behavior de- 
pends on the entire personality, its de- 
mands and experiences. 

The Cultural Background of Person- 
ality (Part I) describes Dakota life then 
and now — liow they lived, the road to 
civilization, and the economic basis of 
modern reservation society, contrasting 
values and attitudes of prereservation 
culture with those retained or acquired 
since 1876. Tiie cultural anthropologist 
finds greatest relevance in the forepart 
of the study. Here is classic Dakota cul- 
ture separated along generational and 
blood lines, so that the process of accul- 
turation finds striking illustration in the 
grandparental generation of warriors 
(mostly full bloods), parents who at- 
tended boarding school, essayed cattle 
ranching, first succeeded, then failed, 
and the present crop of day school chil- 
dren. If one might generalize from a 
visit and the literature, Macgregor 's 
picture of the Teton-Dakota as a living 
culture would be confirmed. 

Not only economic activity is lacking in 
Indian homes; there is little interaction in the 
community. The tempo is slow and quiet, and 
life is marked by an idleness that reflects apathy 
as well as lack of full-time occupation. 

Moreover, he notes a great variety of 
Indian habits and ways of living and in 
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personalities which segregate on blood 
and generational lines. That these divi- 
sions rest on sociological rather than 
liological group factors must be remem- 
bered and will re-emphasize the point 
that being an Indian is primarily a state 
of mind. Membership in the full-blood 
group, which comprises more than half 
the tribe, is a sociological value. 

From MekeeFs study we know the 
stages of Dakota acculturation, in these 
aspects: (1) suppression of Indian cus- 
tom and authority, {2) education of chil- 
dren to white life, (3) Agency pressure 
on adults to adopt white ways of earning 
a livelihood. What Macgregor’s study 
brings out, however, is the story of the 
Indian adaptation to cattle ranching and 
the demonstration, implicit also as family 
background in case histories of indi- 
viduals, that 

the loss of their cattle herds was the greatest 
disaster that had befallen the Pine Ridge 
Indians since the vanishing of the buffalo. . . . 
The extermination of the buffalo has often been 
pointed out as the basic reason for the present 
disorganization of the Plains Indians. [It] 

. . . was the deathblow to Plains Indian cul- 
ture, but the present predicament of the Pine 
Ridge Dakota is not a direct result of this epi- 
sode. . . . [The loss of] . . . the cattle . . . 
economy in the sales of 1916-17 and the subse- 
quent land sales, appears as the most significant 
single catastrophe in the history of the Pine 
Ridge people. 

From an administrative viewpoint the 
preponderant dependency of the Pine 
Ridge Dakota on government (state and 
federal, 52 percent, 1942) poses a tough 
problem. Preferring cash income from 
wagework, the Dakota now derive less 
than one-third of all income from land 
resources. How arrest this trend f 

The treatment of family life glosses 
over kinship patterns, transcending the 
usual interests of social anthropologists 
to consider breakdown factors. Symp- 
tomatic of cultural breakdown is the 
pattern of children voluntarily living 
away from parents. 

How whites transmit their culture, 


most readily as employer-farmers, high- 
lights relations between neighboring com- 
munities in which the Indians merge ^ 
with lower rather than middle-class 
South Dakota whites. 

Enough detail crept in from Hass- 
rick^s study of Dakota religion to make 
one wish for more. Prohibition took 
away the religious and social security 
that the Sun Dance provided. Upon the 
acceptance of Christianity, to which were 
transferred the values of power, equal- 
ity, generosity, asceticism, and virginity, 
the native cults took refuge in secrecy; 
particularly, rites associated with curing- 
go on to a greater extent than mission- 
aries or officials are willing to believe. 
The Dakota of one generation gave up 
one form of ritual at life crises, and 
another form was taken up by the next 
generation. No direct substitution oc- 
curred; it was acculturation by succes- 
sion. We hope that Hassrick^s Teton 
Dakota Religion (ms.) will detail peyote 
practices and the Yuwipi cult, the latter 
having escaped previous ethnologists. 

The value system of old Dakota cul- 
ture, resting on four principles — ^honor, 
bravery, generosity, and wisdom (moral 
integrity) — came into conflict with white 
values between the generation of grand- 
fathers and fathers. Cooperation gives 
way to individual enterprise, attachment 
to land relaxes, and hospitality prevent- 
ing accumulation brealcs down off the 
reservation. Social controls, too, weaken 
as the Pine Ridge people feel two cul- 
tures but do not live completely in either, 
with resultant insecurity for the group 
and for the individual. 

For a while in Part II (G-i’owing up on 
the Reservation) the cultural anthropolo- 
gist walks pari passu with the student 
of individual development. Both observe 
children, but cultural features begin to 
give way to factors in child growth. 
Nevertheless, the study overlooks pos- 
tures in childbirth. And the hammock 
blanket pinned through two loops of rope 
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hung from the ceiling may not be recent 
since it occurs among the modein Iio- 
quois (unless both learned it from a 
common source traveling with circuses). 

Nowhere are our two cultures ^ in 
greater contrast than in early training. 
Full-blood Dakota do not use baby talk 
but teach their children Siouan. And : 

White people ’vvill sit outside an Indian home 
in bewilderment and utter frustration watching 
children tear a headlight off a car or drag good 
harness over the ground in play, while the 
parents sit by undisturbed. To the whites it 
seems preposterous that people who are so poor 
should allow chUdren to damage useful^ objects 
that have been earned with great difdculty. 
This is part of the lack of concern over property 
that underlies the Dakota virtue of generosity; 
it is also a way of teaching children not to set 
a high value on property. 

Also of interest to students of child 
development are the onset of fraternal 
associations and avoidance of girls. 
Social distance vddens between the sexes 
from six through a^^escence. Aggres- 
sive behavior of bo;^ (hitting girls in 
school) is deeply •^ifigrained in Dakota 
culture, is manifested in violence, and 
girls greatly fear the boys. 

The study also brings into bold relief 
the institutional character of boarding 
school society, how it increases social and 
cultural distance and time from reser- 
vation life. The reader can understand 
how a career in the Indian Service looms 
as a goal to the studious child, since the 
to us rather drab life of an agency civil 
servant really contrasts colorfully with 
lackluster reservation life. Without de- 
tracting from the distinguished service 


record of the Sioux in the recent war, we 
can now see that it was not enthely the 
warrior tradition of the Plains that in- 
spired their youth to seek honor. They 
gained “satisfaction from the sense of 
equality with other young people and 
from being wairted in the outside world — 
a satisfaction that these Pine Ridge 
youths have never felt before.” 

The case histories of Dakota children 
help to conceptualize the Personality of 
the Dakota child (Part IV). They seem 
real enough, and I suppose they are 
typical. Reading the eases throws light 
on the development of personality in our 
own culture. We can be grateful that 
we fortunately inhabit a sector of society 
in which the culture imposes fewer 
strains on the individual, that gives 
greater security, less anxiety, and some 
hope. Evidently Dr. Wm. Henry saw 
these children clearly and interpreted 
the tests with fidelity. 

Indian Service personnel cannot afford 
not to read this study. Administrators 
camiot continue to ignore what is hap- 
pening to the culture and personality of 
the people whom they serve. Unless 
there be rewarding goals in life on the 
reservation, such as might be attained 
by the restgration of Dakota cattle 
economy, no amount of public health 
education per se or enriching the land 
through scientific agriculture will pro- 
vide the will to live in these people. 

William N. Fenton 

Bureau of American Ethnology 
Smithsonian Institution 
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